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DECLARATION OF BETH A, COINS. Ph.D. 



1. I am a U.S. citizen residing at 13202 Hill Forest Street, San Antonio, Texas, 78230. I am 
an Associate Professor in the Radiology Department at the University of Texas Health Science 
Center at San Antonio. I have extensive experience in the field of drug delivery, and more 
particularly, with the use of liposome-encapsulated drug delivery vehicles. References 
containing examples of my work are included in my Curriculum Vitae which is attached at 
Appendix 1. 



2. I have reviewed the Office Action dated June 29, 2005, the specification, and the pending 
claims for the above referenced application. 
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3. I understand that the Examiner has rejected claims 1-19, 29-30, 32-34, and 36-40 of the 
application on the grounds that they are not enabled by the specification. Specifically, I 
understand that the Examiner contends that the claims should be limited to subcutaneous 
administration, wherein avidin is injected at the same site or adjacent to the biotin-liposome 
injection site. I disagree with the Examiner's assessment for the reasons described below. 

4. Based on my knowledge and experience in the field of drug delivery, a person 
knowledgeable in drug delivery, by following the disclosure in the specification, would be 
capable of using subcutaneous and other routes of administrations such as those disclosed at page 
14, lines 14-17, of the specification to practice the claimed invention without undue 
experimentation. 

5. The specification describes how one would administer a first composition comprising a 
biotin-liposome complex and a second composition comprising an avidin. For example, page 14, 
lines 14-17, of the specification provide examples of the different types of administration routes 
that can be used. Administering the first and second compositions to a subject via these 
exemplary routes is routine in the drug delivery field and would not require undue 
experimentation. 

6. Additionally, the specification provides data showing the delivery and retention of 
liposomes in one or more targeted lymph nodes when practicing the claimed invention via 
subcutaneous, submucosal, and intraperitoneal administration. Examples 12-15 for instance, are 
directed towards subcutaneous administration, Example 18 concems intraperitoneal 
administration, and Example 19 concems submucosal administration. 
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7. 



Published references also confirm that other routes of administration {Le,, other than 



subcutaneous) can be used to deliver and retain liposomes in one or more targeted lymph nodes 
when practicing the claimed invention. These references use biotin-liposome complexes in 
combination with avidin. The references provide data showing the delivery and retention of the 
biotin-liposome complexes in one or more targeted lymph nodes via intrapleural and 
intraperitoneal administration: 



(i) Phillips et al, J, of Pharmacology and Experimental Therapeutics, 
303(1):11-16 (2002) (Appendix 2). The Abstract in Phillips et al 
provides: 

An aliquot (1 ml) of technetium-99m (^^"^Tc)-biotin-liposomes 
encapsulating blue dye was injected intraperitoneally in rats. Thirty 
minutes after administration of the ^^"^Tc-biotin-liposomes, five rats 
(experimental) were administered avidin (5 mg) intraperitoneally, whereas 
the remaining five rats served as controls... Significant ^^'"Tc activity was 
detected in blue-stained abdominal nodes (4.7%) and mediastinal nodes 
(2.3%) fi-om the experimental animals, whereas no blue-stained nodes 
were detectable in the control animals. 

(ii) Medina et al., J. of Pharmaceutical Sciences, 93(10):2595-2608 (2004) 
(Appendix 3). The Abstract in Medina et al. provides: 

The objective of this study was to develop a more effective liposome- 
based method for delivering drugs to mediastinal nodes. Nodal uptake 
was determined after intrapleural injection of the avidin/biotin-liposome 
system in normal rats. The effect of injection sequence (avidin injected 2 
h before biotin-liposomes and vice versa), volume injected, and 
administered dose of the agents is described... When avidin was injected 
before ^^'"Tc-biotin-liposomes, better mediastinal node targeting (15.7%; 
p<0.05) was achieved than when biotin-liposomes were injected first 
(8.3%) or when only biotin-liposomes were injected (1 .0%). 
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8. I will now address the Examiner's contention that the specification is enabled only to the 
extent that avidin is injected at the same site or adjacent to the biotin-liposome injection site, and 
vice versa. A person knowledgeable in drug delivery, by following the disclosure in the 
specification, would be capable of injecting the avidin containing composition at the same site, 
an adjacent site, or a non-adjacent site to the biotin-liposome injection site, and vice versa^ 
without undue experimentation. 

9. For instance, in the subcutaneous administration data of Examples 12-15 of the 
specification, avidin was injected approximately 2 cm proximal to the biotin-liposome injection 
site. With respect to the submucosal administration data in Example 19, avidin was injected 
approximately 5 cm distal to the biotin-liposome injection site. These data show that the avidin 
and biotin-liposome containing compositions can be injected at non-adjacent sites. 

10. Also, I have additional data concerning the administration of the avidin and biotin- 
liposome containing compositions at different sites (Medina et al, J. of Pharmaceutical Sciences 
2005 94: In Press, Appendix 4). The data was obtained from normal male Sprague-Dawley rats, 
and it demonstrates the delivery and retention of an active agent to the mediastinal nodes using 
an avidin/biotin-liposome delivery system. 

11. The normal male Sprague-Dawley rat model is a generally accepted model for research 
conceming avidin/biotin-liposome delivery systems. In this study, avidin and ^^""Tc-Blue-Biotin- 
Liposomes were used. Eight groups of rats, four experimental and four control, were used in two 
methods of injection to evaluate mediastinal node targeting. Figure 1 in Appendix 4 describes 
the experimental design and study groups. In each method two different doses (0.5 and 5,0 mg) 
were studied: 
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(i) IP/Pleu Method: ^^'"Tc-blue-biotin-liposoines were injected intraperitoneally and 
avidin was injected intrapleurally. Experimental groups are denoted IP/Pleu (0.5) 
and IP/Pleu (5.0), and corresponding control groups are denoted IP/Pleu (0.5)c 
and IP/Pleu (5.0)c. 

(ii) Pleu/IP Method: ^^"^Tc-blue-biotin-liposomes were injected intrapleurally and 
avidin was injected intraperitoneally. Experimental groups are denoted Pleu/IP 
(0.5) and Pleu/IP (5.0), and corresponding control groups are denoted Pleu/IP 
(0.5)c and Pleum> (5.0)c. 

12. For the IP/Pleu Method, two experimental groups (IP/Pleu (0.5), IP/Pleu (5.0) were used. 
For the first group a 0.5 mg dose of ^^'"Tc-blue-biotin-liposomes (1.67 mg of phospholipid/kg- 
body wt, 13 MBq) diluted in 1.0 ml saline was injected in the peritoneum. Five minutes later, the 
same dose of avidin (0.5 mg) diluted in 0.03 ml saline was injected in the pleural space. For the 
second group, a 5.0 mg dose of the concentrated ^^"Tc-blue-biotin-liposomes (16.7 mg of 
phospholipid/kg-body wt, 12 MBq) diluted in 1.0 ml saline was injected IP. Five minutes later, 
the same dose of avidin diluted in 0.3 ml was injected in pleural space. Control groups IP/Pleu 
(0.5)c and IP/Pleu (5.0)c were used using the same doses of ^^"^Tc-blue-biotin-liposomes, but 
saline (0.03 and 0.3 ml, respectively) was injected instead of avidin. 

13. For the Pleu-IP Method, the first group Pleu/IP (0.5), a 0.5 mg dose of ^^""Tc-blue-biotin- 
liposomes (1.67 mg of phospholipid/kg-body wt, 7 MBq) diluted in 0.03 ml saline was injected 
in pleural space. Five minutes later, the same dose (0.5 mg) of avidin diluted in 1.0 ml saline 
was injected IP. For the second dose, group Pleu/IP (5.0), a 5.0 mg dose of ^^"^Tc-blue-biotin- 
liposomes (16.7 mg phospholipid/kg-body wt, 29 MBq) dilute in 0.3 ml saline was injected in 
pleural space. Five minutes later, 5.0 mg avidin diluted in 1.0 ml saline was injected in 
peritoneum. For control groups Pleu/DP (0.5)c and Pleu/IP (5.0)c, experiments were performed in 
a similar manner except saline was injected instead of avidin. 
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14. The results of the four experimental and four control groups show that when no avidin is 
injected, liposomes leave the injection site (either pleural space or abdominal cavity), move into 
blood circulation and eventually collect in spleen and liver with minimal accumulation in 
mediastinal nodes or collecting lympliatics. fTowever, when avidin is injected, accumulation in 
mediastinal nodes, diaphragm, and collecting lymphatics in the pleura that cover the diaphragm 
is observed. Table I at Appendix 4 provides a summary of these data. Further, these data 
confirm that the avidin and biotin-liposomc containing compositions can be administered at 
different and non-adjacent sites. 

15. I declare that all statements made of my knowledge are true and all statements made on 
the information are believed to be true; and, further that these statements were made with 
knowledge that willfuj false statements and the like so made are punishable by fine or 
imprisonment or both, under § 1001 of Title 18 of the United States Code, and thai such willful 
false statements may jeopardize the validity of this application or any patent issued tlicreupon. 
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Beth A Goins 
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Address: 



Phone Number: 
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Email Address: 
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Radiology Dept. MSG 7800 
UTHSCSA 

7703 Floyd Curl Drive 

San Antonio, TX 78229-3900 

(210) 567-5575 

(210) 567-5549 
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EDUCATION: 

Year Degree 



Discipline 



Institution/Location 



1988 



PhD 



Biochemistry 



University of Tennessee, Knoxville, 
TN 



1985 



MS 



Biochemistry 



University of Tennessee. Knoxville, 
TN 



1980 



BS 



Chemistry 
{Cum Laude ) 



King College, Bristol, TN 



TRAINING: 



Post Doctoral Fellowship 
Year Discipline 

1988-1990 Biochemistry/Biophysics 



Institution/Location 

Naval Research Laboratory Center for Bio/Molecular 
Science and Engineering, Washington, DC 



ACADEMIC APPOINTMENTS: 



09/2001 - Present Associate 
Professor 

09/1 995 - 08/200 1 Assistant 
Professor 



The University of Texas Health Science Center at San 
Antonio, Department of Radiology, San Antonio, TX 

The University of Texas Health Science Center at San 
Antonio, Department of Radiology. San Antonio, TX 



07/1991 -08/1995 Clinical Assistant 
Professor 



The University of Texas Health Science Center at San 
Antonio, Department of Radiology, San Antonio, TX 



NON-ACADEMIC APPOINTMENTS: 



11/1990-06/1991 



Scientist II 



Geo Center, Inc., Fort Washington, MD 



06/1986 - 04/1988 Lab Tech II 



Johns Hopkins University, Baltimore, MD 



HONORS AND AWARDS: 

01/1999 Teacher of the Year: Radiological Sciences Graduate Program 

01/1998 Fuji Medical Systems/RSNA: Seed Grant for Radiological Research 

01/1993 International Symposium on Blood Substitutes: Young Investigators Award 

01/1990 National Research Council Associate Award 

01/1 986 University of Tennessee Center of Excellence in Science Award 

01/1 985 University of Tennessee Center of Excellence in Science Award 



TEACHING 



COURSE BASED TEACHING: 



Date 



Course Name 



Level 



Role 



01/2005 - 05/2005 RADI5010 Medical Biophysics 



Graduate 



Course Director 



Preparation Hr$: 40, Student Contact Hrs: 48 



01/2005 - 05/2005 RADI5090 Sem Radiological Sci 



Graduate 



Co-Course 
Director 



Preparation Hrs: 16, Student Contact Hrs; 16 



01/2004 - 05/2004 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 



Graduate Co-Course 
Director 



08/2003 - 12/2003 RADISOSO Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/2003 - 05/2003 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/2002 - 12/2002 RADISOSO Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/2002 - 05/2002 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/2001 - 12/2001 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/2001 - 05/2001 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/2000 - 12/2000 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/2000 - 05/2000 RADI5010 Medical Biophysics 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



G raduate Co-Cou rse 
Director 



Graduate Co-Course 
Director 



Graduate Course Director 



Preparation Hrs: 22, Studer)t Contact Hrs: 33 

01/2000 - 05/2000 RADI5090 Sem Radiological Sol 

Preparation Hrs; 16, Student Contact Hrs: 16 

08/1 999 - 1 2/1 999 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/1999 - 05/1999 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/1998 - 12/1998 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/1998 - 05/1998 RADI5010 Medical Biophysics 
Preparation Hrs: 20, Student Contact Hrs: 30 

01/1998 - 05/1998 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/1 997 - 1 2/1 997 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Course Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



01/1997 - 05/1997 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/1996 - 12/1996 RADI5090 Sem Radiological Sci 
Preparation Hrs; 16, Student Contact Hrs: 16 

01/1996 - 05/1996 RADI5090 Sem Radiological Sci 
Preparation Hrs; 16, Student Contact Hrs: 16 

08/1 995 - 1 2/1 995 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

01/1995 - 05/1995 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

08/1 994 - 1 2/1 994 RADI5090 Sem Radiological Sci 
Preparation Hrs: 16, Student Contact Hrs: 16 

OTHER TEACHING: 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



Graduate Co-Course 
Director 



High School/Junior High School Student Supervision 



Date Description Institution # Students 

09/2003 - 05/2004 Betty /Majajian University of Texas Health Science 1 

Center at San Antonio 

Health Careers Scientific Mentomg Program 



05/2003 - 08/2003 Jacob Stetler University of Texas Health Science 1 

Center at San Antonio 

Reagan High School Student 



01/2002 - 05/2003 Yang Li University of Texas Health Science 1 

Center at San Antonio 

Health Careers Scientific Mentoring Program 



Membership on Supervising Committee 
Date Description 

01/2005 - Present Hua-Hsuan (Irene) Chen, 
Dissertation 



Institution # Students 

University of Texas Health Science 1 
Center at San Antonio 



08/2004 - 08/2005 Hossein Afrashteh, University of Texas Health Science 1 

Dissertation Center at San Antonio 

A Back Projection Dosimetry Method For Diagnostic and Orthovoltage X-ray From 40 to 140 KVP 
for Patients and Phantoms, Radiological Sciences Graduate Program/Radiology Department, 
Dissertation Awarded August 2005 



09/2003 - Present Max Amurao. Dissertation University of Texas Health Science 1 

Center at San Antonio 



01/2002 - 08/2003 Ande Bao, Dissertation The University of Texas Health 1 

Science Center at San Antonio 
Development and Use of99mTc, 186Re and 188Re-Labeled Liposomes for Nuclear Imaging and 
Radionuclide Therapy, Radiological Sciences Graduate Program/Radiology Department 
Dissertation Awarded August 2003, 



01/2000 - 05/2003 William Pramenko. Thesis The University of Texas Health 1 

Science Center at San Antonio 



Characterization of Radiation Exposure to Hospital Personnel and Members of the General Public 
from Iodine Abalation Patients, Radiological Sciences Graduate Program/Radiology Department 
Thesis Awarded May 2003. 



01/1994 - 08/1996 Carl Keener, Dissertation The University of Texas Health 1 

Science Center at San Antonio 
Algorithm for Predicting Peptide Nonideality in Water, Radiological Science Graduate 
Program/Radiology Department Dissertation Awarded August 1996. 



01/1994 - 05/1996 Kalpana Kanal Dissertation The University of Texas Health 1 

Science Center at San Antonio 
Influence of Globular Protein Conformation on Cellular Hydration and MRI Contrast, Radiological 
Sciences Graduate Program/Radiology Department Dissertation Awarded May 1996. 



Ph.D. Dissertations Directed 

Date Description Institution # Students 

06/2003 - Present Cristina Zavaleta University of Texas Health Science 1 

Center at San Antonio 



06/1 999 - 1 2/2003 Luis A. Medina, Dissertation University of Texas Health Science 1 

Center at San Antonio 

Evaluation of the Avidin/Biotin-Liposome System Injected in Pleural Space and Peritoneum for 
Drug Delivery to Mediastinal Lymph Nodes, Radiological Sciences Graduate Program/Radiology 
Department, Dissertation Awarded December 2003 



Post'Doctorai Student Supervision 

Date Description Institution # Students 

07/2004 - 07/2005 Diagnostic Radiology University of Texas Health Science 8 

Resident Physics Lectures Center at San Antonio 
Anger Camera-Basic Principles Lecture, SPECT and PET Imaging Lecture 



02/2004 - 09/2005 Physics of Nuclear Medicine University of Texas Health Science 2 
Lecture Series for Fellows Center at San Antonio 
In-vivo Counting Lecture, Anger Camera -Basic Principles Lecture, Anger Camera - Performance 
Characteristics Lecture, SPECT systems Lecture, Basic Camera QC Lab 



Pre-Doctoral Student Supervision 
Date Description 



Institution 



# Students 



06/2004 - Present Anuradha Soundararajan University of Texas Health Science 

Center at San Antonio 



01 /1 997 - 08/1 997 Trevor Andrews 

Radiological Sciences Graduate Program 



University of Texas Health Science 1 
Center at San Antonio 



01/1997 - 06/1997 Ho-Ling Liu 

Radiological Sciences Graduate Program. 



University of Texas Health Science 1 
Center at San Antonio 



Undergraduate Student Supervision 
Date Description 

05/2005 - 08/2005 Jacob Stetler 
Baylor University Student 



Institution 



# Students 



University of Texas Health Science 1 
Center at San Antonio 



05/2002 - 08/2003 Sam Prater 
UTSA Student 



The University of Texas Health 
Science Center at San Antonio 



02/2002 - 05/2002 Sergio Calixto 



UTSA Student 



The University of Texas Health 
Science Center at San Antonio 



06/2000 - 08/2000 Denise Rivera University of Texas Health Science 1 

Center at San Antonio 
South Texas Summer Undergaduate Research Fellowship Program, 



06/1 999 - 08/1 999 Allison Thies 

Summer Undergraduate Research Program. 



University of Texas Health Science 
Center at San Antonio 
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RESEARCH 

EXPERTISE: 

Aptamers - Use as Targeting Agents 

Blood Substitutes - Development and testing of hemoglobin-based liposome oxygen carriers 
Imaging - Use non-invasive imaging methods to track agents after injection in the body 
Liposome Drug Delivery - Preparation and Testing of Drugs Delivered Using Liposomes 
Nanotechnology - Study nanoparticles especially liposomes 

Radlolabeling Methods - Develop methods for radiolabeling agents for tracking after injection in 
the body 



PUBLICATIONS: T ' indicates Peer Reviewed) 
Abstract 



LAmurao, M, Chang, T, Soundararajan, A, Fullerton GD, Coins BA. Spatial Resolution 
and Geometric Accuracy of a Combined Modality Small Animal Dual-Head Single 
Photon Emission Computed Tomography/MicroCT 2005. p. 121. (Molecular Imaging 
and Bioloov : vol. 7, no. 2). 

2. Bao A, Phillips WT, Goins BA, Zheng, X, McGuff HS, Natarajan M, Santoyo, C, Otto 
RA. Small Animal Imaging and Histopathological Studies on Head and Neck 
Squamous Cell Carcinoma Xenograft in Nude Rats 2005. p. 175. (Molecular Imaaina 
and Bioloov : vol. 7, no. 2). 

3. Sterling JA, Padalecki SS, Grubbs B, Zhao M, Oyajobi B, Goins BA, Mundy GR. Gli2 
regulates PTHrP expression and tumor-induced osteolysis by metastatic breast cancer • 
cells 2005. p. S23. (Cancer Treatment Rev : vol. 31). 

4. Oyajobi B, Goins BA, Gupta A, Zavaleta CL, Munoz S, Grubbs B, Story B, Wideman C, 
Garrett IR, Phillips WT, Mundy GR. Imaging tumor burden by [18F]FDG-PET and 
osteoblast activity by [99mTc]-MDP-SPECT/CT in the 5TGM1 model of myeloma bone 
disease 2005. p. 901 . (Proceedings of the AACR Annual Meeting ; vol. 46). 



5. Zavaleta CL. Phillips WT, Bradley YC, Jerabek PA, Coins BA. Use of microPET to non- 
invasively monitor the development of an intraperitoneal ovarian xenograft model in 
nude rats 2005. p. 235P. (J NucI Med : vol. 46). 

6. Bao A, Zhao X, Coins B, Otto RA, Phillips WT. The influence of heterogeneous 
radioactivity distribution on intratumoral radiation dose distribution 2004. p. 438P. (J 
NucI Med : vol. 45). 

7. Bao A, Coins B, Klipper R, Negrete C, Phillips WT. Novel 186Re-Liposome Labeling 
Using 186Re-"SNS/S" Complexes for Radionuclide Therapy 2003. p. 306P. (J NucI 
Med; vol. 44). 

8. Medina LA, Klipper R, Phillips WT, Coins B. Avidin/Biotin-Liposome System for the 
Delivery of Pharmaceutical Agents to the Mediastinal Nodes and the Diaphragm. 2002. 
p. S54. ( Molecular Imaging and Biology : vol. 4). 

9. Medina LA, Klipper R, Phillips WT, Coins BA,. Sentinode Targeting in a Rat Model of 
Breast Cancer Using 99mTc-Labeled Liposomes Encapsulating Blue Dye. 2002. p. 
281 P. (J NucI Med : vol. 43). 

10. Phillips WT, Klipper R, Coins B. A Novel Approach for Localization of Sentinel Lymph 
Nodes Draining the Peritoneum 2001. p. 278P. (J NucI Med : vol. 42). 

1 1 . McManus LM, Phillips WT, Coins BA,Keckler MS. Klipper R, Pinckard RN. 
Inflammatory Mediators Promote Tissue Sequestration of Radiolabeled Liposomes 
2001 . p. 332P. (J NucI Med : vol. 42). 

12. Coins BA, Hanes, MA, Klipper R, Phillips WT. Detecting and Monitoring Viral Infections 
Using 99mTc-Liposomes 2001. p. 333P. (J NucI Med : voL 42). 

13. Phillips WT, Hanes, MA, Klipper, R, Coins B,. Evaluation of Tc-99m-Liposomes for 
Detecting and Monitoring Viral Infections 2001 . p. 279. (Clin NucI Med: vol. 25). 

14. Medina, LA, Klipper, R, Phillips WT, Coins BA,, The Kinetics and Organ Biodistribution 
of ln-1 1 1-Avidin and Tc-99m-Biotin-Liposomes after Injection in the Pleural Space for 
Mediastinal Lymph Node Targeting 2001 . p. 279. (Clin NucI Med : vol. 25). 

15. Coins B, Klipper R, Thies A, Phillips WT. Uptake of Tc-99m-Liposomes in Inflamed 
Lung of Control and Neutropenic Rats 2000. p. 935. (Eur J NucI Med : vol. 27). 

16. Phillips WT, Klipper R, Coins BA,. Use of Technetium-99m-Labeled Liposomes 
Encapsulating Blue Dye for Identification of the Sentinel Lymph Node 2000. p. 973. 
(Eur J NucI Med : vol. 27). 

17. Phillips WT, Klipper R, Blumhardt R, Landry AJ, Andrews T, Liu HL, Coins BA,. 
Noninvasive Estimation of Lymph Node Retention Efficiency and Percentage Lymph 
Node Pass Through for Evaluation of Sentinel Node Localization Agents 2000. p. 
189P. (J NucI Med : vol. 41). 



18. Phillips WT, Klipper R, Coins BA.. Use of 99mTc-Labeled Liposomes Encapsulating 
Blue Dye for Identification of the Sentinel Lymph Node 2000. p. 229P. (J NucI Med : vol. 
41). 



19. Phillips WT. ShrikI M, Blumhardt R, Klipper R, Coins BA. Detection of Gastro-intestinal 
Bleeding with 99m Tc-Radiolabeled Biotin Liposomes and Avidin-Mediated Active 
Background Reduction. 2000. p. 31 9P. (J NucI Med : vol. 41). 

20. Medina LA. Klipper R. Phillips WT. Goins BA.. Biotin Liposomes and Avidin: A Novel 
Method for Targeting the Mediastinal Lymph Nodes 2000. p. 232. (Clin NucI Med : vol. 
24). 

21 . Phillips WT, Shriki M, Blumhardt R. Klipper R, Goins BA,. Detection of Gastro-intestinal 
Bleeding with Radiolabeled Biotin Liposomes and Avidin-Mediated Active Background 
Reduction 2000. p. 232. (Clin Nuci Med : vol, 24). 

22. Phillips WT, Hanes, MA, Klipper, R, Goins BA. Case Report Demonstrating the 
Potential Use of 99mTc-Liposomes for Detecting and Monitoring Viral Infections 2000. 
p. 1086. (Eur J NucI Med : vol. 27). 

23. Goins BA, Andrews, T, Sadeghi, KA, Klipper, R, Lui, HL, Woynarowska BA, Herman 
TS, Phillips WT. Biodistribution of Technetium-99 (Tc-99m)-Labeled PEG-Liposomes in 
Tumor-Bearing Rats Following Treatment with Ionizing Radiation Directed to Tumor 
Site 2000. p. 221-222. ( J Liposome Res : vol. 10, no. 2-3). 

24. Medina, LA, Klipper, R, Phillips WT, Goins BA. Biotin-Liposomes and Avidin Into the 
Intrapleural Space: A Novel Method for Targeting the Mediastinal Lymph Nodes 2000. 
p. 255-256. ( J Liposome Res : vol. 10, no. 2-3). 

25. Phillips WT, Klipper, R, Goins BA. Novel Method of Greatly Enhanced Delivery of 
Liposomes to Lymph Nodes 2000. p. 268-269. (J Liposome Res : vol. 10, no. 2-3). 

26. Phillips WT, Andrews T, Liu HL, Klipper R, Landry A, Blumhardt R.Goins BA,. 
Evaluation of Technetium-99m-(T c-99m)-Labeled Liposomes Versus Tc-99m-Sulfur 
colloid (SC) and Tc-99m Human Serum Albumin (HSA) for Lymphoscintigraphy in a 
Rabbit Model 1999. p. 212, (Clin NucI Med : vol. 24). 

27. Phillips WT, Andrews T, Liu HL, Klipper R, Laundry A, Goins BA,. Evaluation of 
Technetium-99m-(Tc-99m)-Labeled Liposomes Versus Tc-99m-Sulfur Colloid (SC) and 
Tc-99m-Human Serum Albumin (HSA) for Lymphoscintigraphy in a Rabbit Model 1998. 
p. 314P, (J NucI Med : vol. 39). 

28. Awasthi V, Goins BA, Klipper R, Phillips WT. Comparison of Technetium-99m 
Liposomes with lndium-1 1 1 -White Blood Cells for Localizing Experimental Colitis in a 
Rabbit Model 1998. p. 59. (J NucI Med : vol. 39). 

29. Goins BA, Awasthi V, Klipper R, Phillips WT. Use of a Technetium-99m-(Tc-99m)- 
Labeled Biotin-Liposome/Avidin System in a Rabbit Colitis Model to Improve Early 
Image Detection 1998. p. 125. (J NucI Med : vol. 39). 

30. Awasthi V. Goins BA, Klipper R, Phillips WT. Technetium-99m-Liposomes Versus 
ldium-1 1 1 -White Blood Cells for Localizing Experimental Colitis in a Rabbit Model 
1998. p. 129. (Clin NucI Med : vol. 23). 



31. Goins BA, Awasthi V, Klipper R, Phillips WT. Evaluation of a Technetium-99m-Labeled 



Biotin-Liposome/Avidin System to Improve Early Image Detection in a Rabbit Colitis 
Model 1998. p. 129. (Clin NucI Med : vol. 23). 

32. Phillips WT, Awasthi V, Coins BA, Klipper R, Blumhardt R. Infection Imaging in Rats by 
Using Liposomes Labeled with Two Radionuclides-Tc-99m and ln-1 1 1 (Dual 
Radiolabeled Liposomes, DRL) 1997. p. 12. (J NucI Med : vol. 38). 

33. Goins BA. Klipper R, Phillips WT. Improved Shelf Stability of Liposomes Labeled with 
Technetium-99m Using the Glutathione-HMPAO Method 1997. p. 179. (J NucI Med : 
vol. 38). 

34. Goins BA, Klipper R, Phillips WT. Improved Shelf Stability of Liposomes Labeled with 
Technetium-99m Using the Glutathione-HMPAO Method 1997. p. 179. (J NucI Med : 
vol. 38). 

35. Goins BA, Klipper R, Phillips WT. Improved Shelf Stability of Liposomes Labeled with 
Technetium-99m Using the Glutathione-HMPAO Method 1997. p. 179. (J NucI Med : 
vol. 38). 

36. Awasthi V, Goins BA, Klipper R, Loredo RA, Korvick, Phillips WT. Comparison of Dual 
Radiolabeled Liposomes (DRL), Tc-99m-MDP and GA-67 Citrate for Imaging 
Osteomyelitis in Rabbit Model 1997. p. 182. (J NucI Med : vol. 38). 

37. Goins BA, Agganwal SK, Klipper R. Awasthi V, Lar\wrence RA, Jenkinson SG, Phillips 
WT. Technetium-99m-Labeled liposomes Versus Gallium-67 citrate for Detection of 
Hyperoxia-lnduced Lung Inflammation in Rats 1997. p. 185. (J NucI Med : vol. 38). 

38. Phillips WT, Awasthi V, Goins BA, Klipper, Blumhardt R. Infection Imaging by Using 
Liposomes Labeled with Two Radionuclides - Tc-99m and ln-1 1 1 (Dual Radiolabeled 
Liposomes) 1997. p. 201 . (Clin NucI Med : vol. 22). 

39. Awasthi V, Goins BA, Loredo RA, Klipper R, Phillips WT. Osteomyelitis Detection by 
Dual Radiolabeled Liposomes 1997. p. 201. (Clin NucI Med : vol. 22). 

40. Goins BA, Aggarwai SK. Klipper R, Awasthi V, Lawrence RA, Jenkinson SG, Phillips 
WT. Detection of Hyperozia-induced Lung Inflammation in Rats Technetium-99m- 
Labeled Liposomes Versus Gallium-67 Citrate 1997. p. 201 . (Clin NucI Med ; vol. 22). 

41. Goins BA, Phillips WT, Klipper R, Rudolph AS. lndium-1 11 -Labeled Platelet 
Distribution Studies in Rats with Transient Thrombocytopenia Following LEH Infusion: 
Role of Complement 1996. p. 340A. (Art Cells, Blood Substitutes & Immob Biotech : vol. 
24). 

42. Phillips WT, Goins BA, Klipper RW. Bloodworth RC. Meadows RL. Rudolph AS. 
McManus LM. Intravascular and Hemodynamic Effects of Liposome-Encapsulated 
Hemoglobin (LEH) in the Rabbit 1996. p. 404A. ( Art Cells. Blood Substitutes & Immob 
Biotech : vol. 24). 

43. Phillips WT, Lemen LD, Goins BA, Klipper R, Fresne D, Rudolph AS, Martin C, Jerabek 
PA. Emch ME, Fox, PT, McMahan CA. Oxygen Carrying Capacity and Tissue Oxygen 
Delivery of Liposome Encapsulated Hemoglobin Using Oxygen-15-Labeled Molecular 
Oxygen 1996. p. 403A. (Art Cells. Blood Substitutes & Immob Biotech : vol. 24). 



44. Lemen L, Phillips WT, Klipper R. Rudolph A, Cliff R, Emch M, Jerabek PA, Martin CC, 
Fox PT, Coins BA. Using oxygen-15 to study oxygen carrying capacities in Hb-based 
substitutes. 1995. p. 190. (Clinical Nuclear Medicine : vol. 20). 

45. Phillips WT, Dixon L, Klipper R, Rudolph AS, Cliff RO, Emch MR. Jerabek PA, Martin 
CC, Fox PT, Coins BA. Use of cyclotron produced oxygen-15 to study oxygen carrying 
capacity of free and liposome encapsulated HB. 1995. p. A145. (Artificial Cell. Blood 
Substitutes and Immobilization Biotechnology : vol. 22). 

46. Lemen L,Coins BA, Klipper R, Jerabek PA, Emch ME, Rudolph AS. McMahan CA, 
Martin CC, Fox, PT, Phillips WT, Application of Oxygen-15-Labeled Oxygen for 
Assessment of Hemoglobin-Based Blood Substitutes 1995. p. 155. (J NucI Med : vol. 
36). 

47. Phillips WT, Dixon L, Klipper R, Rudolph AS. Cliff RO, Emch ME, Jerabek PA, Martin 
CC, Fox, PT, Coins BA,. Use of Cyclotron Produced Oxygen-1 5 to Study Oxygen 
Carrying Capacity of Free and Liposome Encapsulated Hemoglobin 1994. p. A145. (Art 
Cells. Blood Substitutes and Immob Biotech : vol. 22). 

48. Phillips WT, Klipper R, Rudolph AS, Coins BA, . Encapsulated Hemoglobin/Platelet 
Interactions Using lndium-111 Labaeled Platelets 1994. p. 144A. (Art Cells. Blood 
Substitutes and Immob Biotech : vol. 22). 

49. Coins BA, Klipper R, Blumhardt R, Phillips WT. Development of PEC-coated 
Liposomes with Extended Circulation Time for Blood Pool Imaging 1994. p. 262. (Clin 
NucI Med : vol. 19), 

50. Phillips WT, Klipper R, Coins BA,. Evaluation of Polyethylene Clycol Coated 
Liposomes Labeled with Tc-99m as a Blood Pool Agent 1994. p. 42, ( J NucI Med : vol. 
35). 

51. Coins BA, Phillips WT, Klipper R, Blumhardt R. Labeling Red blood Cells with Copper- 
67 1993. p. 173. (Clin NucI Med : vol. 18). 

52. Coins BA, Klipper R, Sanders J, Rudolph AS, Phillips WT. Use of a Tc-99m Liposome 
Labeling Procedure to Monitor the Circulation Properties of Liposome Encapsulated 
Hemoglobin in a Rat Shock Model 1993. p. 135. (J NucI Med : vol. 34). 

53. Coins BA, Klipper R, Blumhardt R. Phillips WT. Evaluation of Tc-99m Labeled 
Liposomes as a Tumor Imaging and Drug Delivery Agent 1993. p. 247. ( J NucI Med : 
vol. 34). 

54. Coins BA, Klipper R, Phillips WT. Successful Infection Detection in Rats Using a Newly 
Developed Technetium-99m Liposome Labeling Procedure 1992. p. 984. (J NucI Med : 
vol. 33). 

55. Coins BA, Klipper R, Rudolph AS, Timmons JH, Blumhardt R, Phillips WT. The 
Importance of Clutathione in the Formation of Stable Technetium-99m-Labeled 
Liposomes Using the Lipophilic Chelator Hexamethyl-Propylene Amine Oxime 1992. p. 
256. (Clin NucI Med : vol. 17). 



56. Rudolph AS, Rabinovici R, Feurstein G, Ligler FS, Goins BA, Cliff R, Klipper R. Phillips 
WT. Liposome Encapsulated Bovine Hemoglobin; Circulation Persistence, 
Biodistribution, Hemodynamics and Long-Term Storage 1991. p. 478. (Biomat Art Cells 
& Immob Biotech : vol. 19. no. 2). 

57. Rudolph As, Phillips WT. Goins BA. Klipper R, Cliff RO. In Vivo Imaging of 99mTc 
Labeled Liposome Encapsulated Hemoglobin in an Anesthetized Rabbit 1991. p. 176a. 
(Biophvs J : vol. 59). 

58. Goins BA, Kestler KJ, Thourani VH, Rudolph AS, Ligler FS. Ganglioside Containing 
Liposome Encapsulated Hemoglobin: Further Development of a Blood Surrogate 1990. 
p. 261a. ( Biophvs J : vol. 57). 

59. Rudolph AS, Goins BA,. The Interaction of Proline Aggregates with Membrance 
Phospholipids in Excess Water 1989. p. 592. (Crvobiologv : vol. 26). 

60. Rudolph AS, Goins BA.CIiff RO. Stratton L. Prior K, Ligler FS. Liposome Encapsulated 
Hemoglobin: In Vivo Efficacy and Long-Term Storage 1989. p. 655. (Biomat Art Cells & 
Art Organs : vol. 17). 

61 . Goins BA, Freire E. Thermotropic Behavior of Cholera Toxin and Cholera Toxin- 
Ganglioside GMI Mixtures 1987. p. 165a. (Biophvs J : vol. 51). 

62. Ramsey GR, Prabhu B, Goins BA, Freire E. Direct Determination of Energetic 
Parameters for Protein Assoication and Insertion into Membrances 1986. p. 150a. 
(Biophvs J : vol. 49). 

63. Goins BA, Barisas BG. Freire E. Lateral Diffusion of Gangliosides in DMPC Bilayers 
1985. p. 116a. (Biophvs J : vol. 47). 



Book Chapter 



1. Laverman, Peter. Phillips WT. Bao A. Storm, Gert, Goins BA. Radiolabeling of 
liposomes for scintigraphic imaging In: Gregoriadis, G. Liposome Technology 3rd 
Edition. Boca Raton, FL: CRC Press; 2006. 

2. Phillips WT, Bao A, Medina, Luis A, Goins BA. Liposomes for intracavitary and 
intratumoral drug delivery In: Gregoriadis, G. Liposome Technology, 3rd Edition. Boca 
Raton, FL: CRC Press; 2006. 

3. Phillips WT, Medina, Luis A, Goins BA. Targeting of liposomes to lymph nodes In: 
Gregoriadis, G. Liposome Technology, 3rd Edition. Boca Raton, FL: CRC Press; 2006. 

4. Goins BA. Phillips WT. Methods for tracking radiolabeled liposomes after injection in 
the body In: Goins BA. Phillips WT. Liposome Technology, 3rd Edition. CRC Press; 
2006. 

5. Awasthi V, Goins BA, Phillips WT. Liposome-encapsulated hemoglobin as an artifical 
oxygen carrier In: Gregoriadis, G. Liposome Technology 3rd Edition. Boca Raton. FL: 



CRC Press; 2006. 



6. Awasthi V. Coins BA. Phillips WT. Liposome-Encapsulated Hemoglobin: History, 
Preparation and Evaluation In: Winslow. R.. Blood Substitutes. Oxford. UK: Elsevier; 
2005. p. 501 -513. 

Z.Goins BA, Phillips WT. Radiolabeled liposomes for imaging and biodistribution studies 
In: Weissig V, Torchilin V. Liposomes: A Practical Approach. Oxford ,UK: Oxford 
University Press; 2003. p. 319 - 336. 

S.Bao A, Phillips WT. Negrete, G, Klipper, R, Coins BA. 99mTc/186Re/188Re-Liposome 
Radiolabeling for Nuclear Imaging and Targeted Radionuclide Therapy In: Nicolini M, 
Mazzi U. Technetium, Rhenium and Other Metals in Chemistry and Nuclear Medicine. 
Padova, Italy: Sen/izi Crafici Editorial; 2002. p. 281 - 286. 

9. Medina LA, Coins BA. A Novel Option in Nuclear Medicine for Diagnostic Imaging and 
Internal Therapy In: Zetina LMM. Corral CH. Medical Physics Sixth Mexican 
Symposium. Melville, NY: AlP Conference Proceedings; 2002. p. 11 - 19. 

10. Coins BA, Klipper R, Martin C, Jerabek PA, Khalvati S, Fox PT, Cliff RO, Kwasiborski 
V, Rudolph AS, Phillips WT. Use of Oxygen-15-Labeled Molecular Oxygen for Oxygen 
Delivery Studies of Blood and Blood Substitutes. In: Hudetz A and Bruley D. Oxygen 
Transport to Tissue XX. New York, NY: Plenum Press; 1998. p. 643 - 652. 

11. Phillips WT, Coins BA, Klipper R, Cook BC, Martin C, Lemen L, Jerabek PA, Khalvati 
S, Fox PT, Cliff RO, Kwasiborski V, Rudolph AS. Tissue Oxygen Delivery and Tissue 
Distribution of Liposome Encapsulated Hemoglobin. In: Tsuchida E, Present and 
Future Perspectives of Blood Substitutes. Amsterdam, Netherlands: Elsevier Science; 
1998. p. 147-159. 

12. Coins BA, Phillips WT, Klipper, R. Blood-pool Imaging Using Technetium-99m-Labeled 
Liposomes In: Cottschalk A, Blaufox MD, Neumann RD, Strauss HW, Zubal IC. 
Yearbook of Nuclear Medicine. St Louis, MO: Mosby; 1998. p. 384 - 386. 

13. Phillips WT, Coins BA, Rudolph, AS. Liposome Encapsulated Hemoglobin 
Biodistribution and Interactions with Platelets Studied with Imaging Radionuclides In: 
Faist E, Baue AE, Schildberg FW. MOF, MODS and SIRS-Concepts, Clinical 
Coorelates and Therapy. Lengrich: Pabst Science Publisher; 1996. p. 812 - 818. 

14. Phillips WT, Coins BA. Targeted Delivery of Imaging Agents by Liposomes In: Torchilin 
V. Handbook of Targeted Delivery of Imaging Agents. Boca Raton, FL: CRC Press; 
1995. p. 149- 173. 

15. Coins BA, Klipper, R, Rudolph, AS, Cliff, RO, Blumhardt R, Phillips WT. Biodistribution 
and Imaging Studies of Technetium-99m-Labeled Liposomes in Rats with Focal 
Infection In: Cottschalk A. Yearbook of Nuclear Medicine. St Louis, MO: Mosby; 1993. 
p. 2160 -2168. 

16. Cliff, RO, Ligler, F, Coins BA, Hoffman, PM, Spielberg, H, Rudolph, AS. Liposome 
Encapsulated Hemoglobin: Long Term Storage Stability and In Vivo Characterization 
In: Chang TMS. Blood Substitutes and Oxygen Carriers. New York: Marcel Dekker; 
1993. p. 411 -418, 



17. Phillips WT, Rudolph, AS, Coins BA, Klipper R. Biodistribution Studies of Liposome 
Encapsulated Hemoglobin (LEH) Studied with a Newly Developed 99mTechnetium 
Liposome Label In: Chang TMS. Blood Substitutes and Oxygen Carriers. New York: 
Marcel Dekker; 1993. p. 534 - 537. 

18. Coins BA, Rudolph, AS. Ligler, FS. Liposome Encapsulated Hemoglobin: Historical 
Development of a Blood Substitute In: Biotechnology of Blood. Stoneham, MA: 
Butterworths; 1991. p. 117 - 125. 

19. Rudolph, AS, Coins BA. Ligler, FS, Cliff, RO, Spielberg, H, Hoffman, P, Phillips WT. 
Liposome Encapsulated Hemoglobin- In Vivo Efficacy of a Synthetic Red Cell 
Substitute In: Gomezfernandez JC, Chapman D, Packer L. Progress in Membrane 
Biotechnology. Birkhauser Verlag; 1991. p. 214 - 226. 

20. Rudolph, AS, Singh, A, Price, RR, Coins BA, Caber, BP. Stabilization of Lipid 
Microstructures: Fundamentals and Applications In: Cregoriadis C. Targeting of Drugs. 
New York: Plenum Press; 1990. p. 103 - 115. 

21. Coins BA, Myers, M, Freire, E. Thermodynamic Studies of Cangliosides as Membrane 
Surface Receptors In: Ledeen R, Tettamanti G. Yu R, Hogan E, Yates A. New Trends 
in Canlioside Research: Neurochemical and Neurogenerative Aspects. New York: 
Springer-Verlag; 1987. p. 93 - 104. 



Journal Article 



I.Sou K, Klipper R. Coins BA, Tsuchida E, Phillips WT. Circulation kinetics and organ 
distribution of Hb-vesicles developed as a red blood cell substitute J Pharmacol Exo 
Ther 2005 Feb;312{2):702-709, 

2. Bao A, Zhao, X, Phillips WT, Woolley FR, Otto RA, Coins BA, Hevezi, JM. Theoretical 
study of the influence of a heterogeneous activity distribution on intratumoral absorbed 
dose distribution Medical Physics 2005 Jan;32(1):200-208. 

3. Medina LA, Calixto SM, Klipper R. Phillips WT, Coins BA. Avidin/Biotin-liposome 
system injected in the pleural space for drug delivery to mediastinal lymph nodes J 
Pharm Sci 2004 Oct;93(10):2595-608. 

4. Awasthi V, Carcia D. Klipper R, Phillips WT, Coins BA. Kinetics of liposome- 
encapsulated hemoglobin after 25% hypovolemic exchange transfusion Int J Pharm 
2004 Sep;283(1-2):53-62. 

5. Awasthi VD, Carcia D, Klipper R, Coins BA, Phillips WT. Neutral and Anionic 
Liposome-Encapsulated Hemoglobin: Effect of Postinserted Poly(ethylene glycol)- 
distearoylphosphatidylethanolamine on Distribution and Circulation Kinetics. J 
Pharmacol Exp Ther 2004 Apr;309(1):241-248. 

6. Bao A, Coins BA, Klipper, R, Negrete, C, Phillips WT. Direct 99mTc Labeling of 
Pegylated Liposomal Doxorubicin (Doxil) for Pharmacokinetic and Non-Invasive 
Imaging Studies J Pharmacol Exp Ther 2004;308:419-425. 



Z.Medina. LA, Klipper, R, Phillips WT, Coins BA. Pharmacokinetics and biodistribution of 
[1 1 1 1n] Avidin and [99mTc]-Biotin-Liposomes Injected in the Pleural Space for the 
Targeting of Mediastinal Nodes NucI Med Biol 2004;31 :41 -51 . 

8. Awasthi VD, Garcia D, Goins BA, Phillips WT. Circulation and biodistribution profiles of 
long-circulating PEG-liposomes of various sizes in rabbits. Int J Pharm 2003 
Mar;253(1-2):121-132. 

9. Awasthi V, Goins BA, McManus LM, Klipper R, Phillips WT. [99nnTc] liposomes for 
localizing experimental colitis in a rabbit model. NucI Med Biol 2003 Feb;30(2):159- 
168. 

10. Awasthi VD, Goins B, Klipper R. Phillips WT. Accumulation of PEG-liposomes in the 
inflamed colon of rats: potential for therapeutic and diagnostic targeting of inflammatory 
bowel diseases. J Drug Tarcet 2002 Aug;10(5):41 9-427. 

1 1 . Phillips WT, Medina, LA, Klipper, R, Goins BA. A novel approach for the increased 
delivery of pharmaceutical agents to the peritoneum and associated lymph nodes J 
Pharmacol Exp Ther 2002;303:1 1-16. 

12. Phillips WT, Goins BA. Assessment of Liposome Delivery Using Scintigraphic Imaging 
J Liposome Res 2002; 12:11-16. 

13. Goins BA, Phillips WT. The use of scintigraphic imaging as a tool in the development of 
liposome formulations. Prog Lipid Res 2001:40(1-2):95-123. 

14. Goins BA, Phillips WT. The Use of Scintigraphic Imaging During Liposome Drug 
Development J Pharm Practice 2001;14(4):397-406. 

15. Phillips WT, Andrews, T, Liu H, Klipper, R, Lnadry AJ, Blumhardt R, Goins BA. 
Evaluation of [99mTc]liposomes as lymphoscintigraphic agents: comparison with 
[99mTc] sulfur colloid and [99mTc] human serum albumin NucI Med Biol 2001:28:435- 
444. 

16. Phillips WT, Klipper R. Goins BA. Use of 99mTc-Labeled Liposomes Encapsulating 
Blue Dye for Identification of the Sentinel Lymph Node J NucI Med 2001 ;42(3):446- 
451. 

17. Phillips WT, Klipper R, Goins BA. Novel Method of Greatly Enhanced Delivery of 
Liposomes to Lymph Nodes J Pharmacol Exp Ther 2000;295:309-313. 

18. Phillips WT, Klipper RW, Awasthi VD. Rudolph AS, Cliff R. Kwasiborski V, Goins BA. 
Polyethylene glycol-modified liposome-encapsulated hemoglobin: a long circulating red 
cell substitute. J Pharmacol Exp Ther 1999 Feb;288(2):665-670. 

19. Awasthi V, Goins B, Klipper R, Loredo R, Korvick D, Phillips WT. Imaging experimental 
osteomyelitis using radiolabeled liposomes. J NucI Med 1998 Jun;39(6): 1089-1 094. 

20. Awasthi VD, Goins B, Klipper R. Phillips WT. Dual radiolabeled liposomes: 
biodistribution studies and localization of focal sites of infection in rats. NucI Med Biol 
1998 Feb;25{2):155-160, 



21. Goins BA, Klipper R, Martin C. Jerabek PA, Khalvati S. Fox, PT. Cliff RO, Kwasiborski 
V, Rudolph AS, Phillips WT. Use of oxygen-15-labeled molecular oxygen for oxygen 
delivery studies of blood and blood substitutes. Adv Exp Med Biol 1998;454:643-652. 

22. Coins BA, Phillips WT, Klipper, R. Repeat Injection Studies of Technetium-99m- 
Labeled PEG-Liposomes in the Same Animal. J Liposomes Res 1998;8:265-281 . 

23. Phillips WT, Lemen L, Coins B, Rudolph AS, Klipper R, Fresne D, Jerabek PA, Emch 
ME, Martin C, Fox PT, McMahan CA. Use of oxygen-15 to measure oxygen-carrying 
capacity of blood substitutes in vivo. Am J Phvsiol 1997 May;272(5 Pt):2492-2499, 

24. Phillips WT, Klipper BS. Fresne D, Rudolph AS, Javors MA, Coins BA. Platelet 
Reactivity with Liposome Encapsulated Hemoglobin in the Rat. Experimental 
Hematologv 1997;25:1347-1356. 

25. Coins BA, Phillips WT, Klipper R, Rudolph AS. Role of Complement in Rats Injected 
with Liposome-Encapsulated Hemoglobin J Surg Res 1997;68:99-105. 

26. Javors MA, Phillips WT, Klipper R, Fresnel D, Rudolph AS, Coins BA. Platelet 
Reactivity with Liposome Encapsulated Hemoglobin in the Rat Experimental 
Hematoloov 1997;25:1347-1356. 

27. Coins BA, Phillips WT, Klipper R. Blood Pool Imaging Using Technetium-99m-Labeled 
Liposomes J NucI Med 1996;37:1374-1379. 

28. Coins BA. Klipper R. Sanders J, Cliff RO, Rudolph AS. Phillips WT. Physiological 
Responses, Organ Distribution and Circulation Kinetics in Anesthetized Rats After 
Hypovolemic Exchange Transfusion with Technetium-99m-Labeled Liposome- 
Encapsulated Hemoglobin SHOCK 1995;4:121-130. 

29. Coins BA, Ligier FS, Rudolph AS. Inclusion of ganglioside CM1 into liposome 
encapsulated hemoglobin does not extend circulation persistence at clinically relevant 
doses. Artif Ceiis Blood Substit Immobil Biotechnol 1994;22(1):9-25. 

30. Coins BA, Klipper R. Rudolph AS, Phillips WT. Use of Technetium-99m-Labeled 
Liposomes in Tumor Imaging J NucI Med 1994;35:1491-1498. 

31. Rudolph AS, Cliff RO, Klipper R, Coins BA, Phillips WT. Circulation Persistence and 
Biodistribution of Lyophilized Liposome Encapsulated Hemoglobin: An Oxygen 
Carrying Resuscitative Fluid. Crit Care Med 1994;22:142-150. 

32. Coins BA, Klipper R, Sanders J, Rudolph AS, Phillips WT. Circulation Profile of 
Technetium-99m Labeled Liposome Encapsulated Hemoglobin in a 10% or 50% Rat 
Hypovolemic Shock Model Biomat Art Cells Immob Biotech 1994;22:909-915. 

33. Phillips WT, Rudolph AS, Coins BA, Klipper R. Biodistribution Studies of Liposome 
Encapsulated Hemoglobin (LEH) Studied with a Newly Developed 99m-Technetium 
Liposome Label Biomat Art Cells Immob Biotech 1993;20:757-760. 



34. Coins BA, Klipper R, Rudolph AS, Cliff RO, Blumhardt R, Phillips WT. Biodistribution 
and Imaging Studies of Technetium-99m-Labeled Liposomes in Rats with Focal 



Infection. J NucI Med 1993;34(12):2160-2168. 



* 35. Cliff RO, LIgler F, Goins BA, Hoffmann PM, Spielberg H, Rudolph AS. Liposome 

encapsulated hemoglobin: long-term storage stability and in vivo characterization. 
Biomater Artif Cells Immobilization Biotechnol 1992;20(2-4):61 9-626. 

* 36. Phillips WT, Rudolph AS, Goins BA, Timmons JH, Klipper R. Blumhardt R. A Simple 

Method for Producing a Technetium-99m Labeled Liposome Which is Stable in Vivo 
NucI Med Biol 1992;19(5):539-547. 

* 37. Rudolph AS, Goins BA. The effect of hydration stress solutes on the phase behavior of 

hydrated dipalmitoylphosphatidylcholine. Biochim Biophvs Acta 1991 Jul;1 066(1 ):90- 
94. 

* 38. Rudolph As, Klipper R, Goins BA, Phillips WT. In Vivo Biodistribution of a Radiolabeled 

Blood Substitute: 99mTc-labeled Liposome-Encapsulated Hemoglobin in an 
Anesthetized Rabbit Proc Natl Acad Sci 1991.88:10976-10980. 

* 39. Goins BA, Freire E. Thermal stability and intersubunit interactions of cholera toxin in 

solution and in association with its cell-surface receptor ganglioside GM1. Biochemistry 
1988 Mar;27(6):2046-2052. 

* 40. Goins B, Masserini M, Barisas BG, Freire E, Goins BA. Lateral diffusion of ganglioside 

GM1 in phospholipid bilayer membranes. Biophvs J 1986 Apr;49{4):849-856. 

* 41 . Goins BA, Freire E. Lipid phase separations induced by the association of cholera toxin 

to phospholipid membranes containing ganglioside G Ml. Biochemistry 1985 
Mar;24(7):1791-1797. 



PRESENTATIONS: 

06/2005 lndium-1 1 1 platelet imaoino studies for monitoring transient thrombocytopenia after infusion of 
various liposome encapsulated hemoolobin (LEH) formulations . International Society of Blood 
Substitutes. Providence, Rl (Sole Presenter) 



04/2005 NanotechnoloQv Now & the Future . 50th Annual Meeting, Southwestern Chapter Society of 
Nuclear Medicine, San Antonio, TX (Invited Speaker) 

Details: Winfield Evans Lecture 



12/2003 Liposomes Labeled with Diagnostic or Therapeutic Radionuclides for Local/Regional Delivery . 
Sixth International Conference Liposome Advances: Progress in Drug and Vaccine Delivery, 
London, UK (Sole Presenter) 



04/2002 Radiolabeled Liposomes for Medical Imaging and Assessment of Liposome Delivery Systems . 
Particles 2002, Orlando, FL (Sole Presenter) 



02/2002 



Overview of Liposome Chemistry for Targeted Drug Delivery and Imaging Applications. . 
Chemistry Department, University of Texas at San Antonio, San Antonio, TX (Invited Speaker) 



12/2001 Detecting and Monitoring Viral Infections Using 99mTc-Liposomes . Liposome Advances: 
Progress in Drug and Vaccine Delivery, London, UK (Co-Presenter) 

06/2001 Prolonged Tissue Accumulation of Radiolabeled Liposomes During Persistent Inflammation . 
ISORBE. Toronto. CA (Co-Presenter) 

06/2001 Use of Oxvgen-15 as a Tool for the Assessment of Oxvoen Deliverv and the Effects of 

Hemodvnamic Alterations on Oxvoen Extraction . Combat Fluid Resuscitation 2001. Bethesda. 
MD (Co-Presenter) 

10/2000 The Use of Scintigraphic Imaging Purina Liposome Drug Development . Society of Nuclear 
Imaging in Drug Development 2000 Symposium. Bethesda, MD (Sole Presenter) 

12/1999 Accumulation of Technetium-99m-Labeled Liposomes in Control and Neutropenic Rats with 
Hvperoxia-lnduced Lung Inflammation. . Liposome Advances: Progress in Drug and Vaccine 
Delivery, London, UK (Co-Presenter) 

12/1999 Novel Method of Greatly Enchanced Deliverv of Liposomes to Lvmph Nodes. . Liposome 
Advances: Progress in Drug and Vaccine Delivery, London, UK (Co-Presenter) 

12/1999 Tc-99m-Liposomes . Research Staff, Nycomed-Amersham, Amersham, UK (Invited Speaker) 

01/1999 Radiolabeled Liposomes . Nuclear Medicine Department, St. Luke's Episcopal Hospital, 
Houston, TX (Invited Speaker) 

11/1998 Mechanism of Liposome Accumulation in Injured Lung: An Example of the Use of 99mTc- 

Liposomes in Nuclear Medicine Imaging. . First Congress Iberolatinoamericano y Del Caribe De 
Fisica Medica, Mexico City. MX (Co-Presenter) 

11/1998 Tc-99m-Liposomes . Research Staff. Nycomed-Amersham. Amersham. UK (Invited Speaker) 

03/1998 Use of Liposomes in Cancer Diagnosis and Treatment . Radiation Oncology Research 

Seminar, University of Texas Health Science Center at San Antonio, San Antonio, TX (Invited 
Speaker) 

10/1997 Imaging Disease Processes Using Technetium-99m-Labeled Liposomes , American Nuclear 
Society Health Physics Society Meeting, Student Section, College of Engineering, Texas A&M 
University, College Station. TX (Invited Speaker) 

09/1997 Tissue Oxygen Deliverv and Tissue Distribution of Liposome Encapsulated Hemoglobin . VII 
International Symposium on Blood Substitutes, Tokyo, JA (Co-Presenter) 

09/1997 Oxygen Deliverv Studies of Blood and Blood Substitutes Using Oxvgen-15-Labeled Molecular 
Oxvoen. . VII International Symposium on Blood Substitutes. Tokyo. JA (Co-Presenter) 



08/1997 Use of Oxvgen-15-Labeled Molecular Oxygen for Oxygen Delivery Studies of Blood and Blood 
Substitutes . 25th Annual Meeting of the International Society on OxygenTransport to Tissue, 
Milwaukee, Wl (Sole Presenter) 

03/1997 Surface Modification of Liposome-Encapsulated Hemoglobin with Polyethylene CIvcol 

Significantly Increases Circulation Persistence. . Current Issues in Blood Substitutes Research 
and Development-1997, San Diego. CA (Sole Presenter) 

08/1996 Oxygen Carrying Capacity and Tissue Oxygen Delivery of Liposome Encapsulated 

Hemoglobin Using Oxvaen-15-Labeled Molecular Oxvoen . VI International Symposium on 
Blood Substitutes. Montreal. CA (Co-Presenter) 

08/1 996 Targeting of Glutathione Containing Liposomes in Rat Lung Exposed to 100% Oxvoen . South 
Texas Chapter of the Oxygen Society, San Antonio, TX (Invited Speaker) 

03/1996 Use of Oxygen-1 5-Labeled Oxygen to Study Lung Uptake and Tissue Delivery of Liposome 
Encapsulated Hemoglobin. . Current Issues in Blood Substitute Research and Development, 
San Diego, CA (Co-Presenter) 

03/1996 Role of Complement in Transient Thrombocytopenia Elicited by LEH in the Rat: lndium-1 11- 
Labeled Platelet Studies. . Current Issues in Blood Substitute Research and Development, San 
Diego, CA (Sole Presenter) 

03/1994 Liposome Encapsulated Hemoglobin (LEH) Biodistribution and LEH/Platelet Interactions 
Studied with Imaging Radionuclides. . 3rd International Congress on the Immune 
Consequences of Trauma, Shock and Sepsis Mechanisms and Therapeutic Approaches, 
Munich, GM (Co-Presenter) 



12/1993 Use of a New 99mTc Liposome Labeling Method for Diagnostic Imaaino and Drug Targeting 
Applications . Liposomes in Drug Delivery: The Nineties and Beyond. London, UK (Co- 
Presenter) 



RESEARCH GRANTS: 
Federal 



Project #: 121668 

Funding Agency: National Cancer Institute 

Title: Radiofrequency Ablation and Rhenium Liposomes for Solid Tumor Therapy 

Status: Active 

Period: 09/2005 - 09/2007 

Role: Co-Investigator 

Total Costs: $486,754.00 



Grant Detail: 



Project #: 117991 

Funding Agency: Office of Naval Research 

Title: Development and Assessment of Long Circulating Oxygen Carriers 

Status: Active 

Period: 11/2003-09/2005 

Role: Co-Investigator 

Total Costs: $756,083.00 

Grant Detail: 

Project #: 

Funding Agency: Office of Naval Research 

Title: Development and Assessment of Long Circulation Oxygen Carriers. 

Status: Complete 

Period: 05/2000 - 09/2003 

Role: Co-Investigator 

Total Costs: $1,052,304.00 

Grant Detail: 

Project #: 

Funding Agency: NIH 

Title: Platelet Interaction and Efficacy Studies of LEH 

Status: Complete 

Period: 08/1999 -07/2000 

Role: Co-Investigator 

Total Costs: $624,066.00 

Grant Detail: 

Project #: 

Funding Agency: Naval Medical Research and Development Command 

Title: In Vivo Red Blood Cell Biodistribution and Circulation Persistence 

Status: Complete 

Period: 09/1997-03/1999 

Role: Co-Investigator 

Total Costs: $50,000.00 

Grant Detail: 

Private 

Project #: 

Funding Agency: Nycomed Amsham 



Title: Tc-99m Labeled Liposomes 

Status: Active 

Period: 04/1999 - 12/2001 

Role: Co-Investigator 

Total Costs: $270,000.00 

Grant Detail: 

Project #: 

Funding Agency: RSNA Research and Education Fund - Seed Grant 

Title: Fluorine-18-Labeled Liposomes for Inflammation Imaging 

Status: Complete 

Period: 07/1998 -03/2000 

Role: Principal Investigator 

Total Costs: $24,691.00 

Grant Detail: 

Project #: 

Funding Agency: Nycomed Amersham 

Title: Liposomes for Diagnostic Imaging 

Status: Complete 

Period: 03/1998 - 12/2000 

Role: Principal Investigator 

Total Costs: $16,000.00 

Grant Detail: 

Project #: 

Funding Agency: American Heart Association - Texas Affiliate 

Title: Mechanism of Intravascular Lung Accumulation of Liposomes in a Rat 

Status: Complete 

Period: 07/1 997 - 06/2001 

Role: Principal Investigator 

Total Costs: $172,574.00 

Grant Detail: 

State 

Project #: 

Funding Agency: Texas Higher Education Coordinating Board (Texas Advanced 
Research Program) 

Title: Rapid Screening Method Using Aptamer-Liposomes for Customized Cancer 

Treatment 

Status: Complete 

Period: 01/2002-12/2003 



Role: Principal Investigator 
Total Costs: $132,828.00 
Grant Detail: 



Project #: 

Funding Agency: UTHSCSA Children's Cancer Research Center 

Title: Aptamer-Liposomes for Diagnosis of Neuroblastoma 

Status: Complete 

Period: 10/2001 -09/2002 

Role: Principal Investigator 

Total Costs: $52,540.00 

Grant Detail: 

Project #: 

Funding Agency: UTHSCSA Institutional Grant 

Title: Targeting of Myocardial Infarct with Tc-99-Liposomes 

Status: Complete 

Period: 09/1996 -08/1997 

Role: Principal Investigator 

Total Costs: $5,513.00 

Grant Detail: 



SERVICE 



SERVICE TO THE INSTITUTION: 



Dates Type Description 

01/2000-Present Department Department Animal Research Officier 



Role 



Representative 



SERVICE TO THE PROFESSION: 



Dates 

03/2005-12/2006 



Type Description 

International Journal of Liposome Research 



Role 



Editorial Board 
Member 



04/2004-04/2007 



Local 



Society of Nuclear Medicine 
Southwestern Chapter 



Secretary 



01/2004-12/2005 



Journal of Pharmacology and 
Experimental Therapeutics 



Reviewer 



Manuscript Reviewer 



01/2004-01/2004 

Manuscript Reviewer 

01/2003-01/2003 

Manuscript Reviewer 

06/2002-06/2002 Local 

01/2001-01/2004 Local 



12/2000-12/2000 Local 

Alamo Heights Junior School 

01/2000-01/2000 

Manuscript Reviewer 

01/2000-01/2000 

Manuscript Reviewer 

12/1996-12/1996 Local 

Alamo Heights Junior School 

02/1 996-02/1 996 Local Special Judge 

Alamo Regional Science Fair 



Journal of Pharmaceutical Sciences 



Journal of Nuclear Medicine 



Reviewer - UTSA SCORE grants 

Society of Nuclear Medicine 
Southwestern Chapter 

Judge 7th/8th Grade Science Fair 



American Journal of Physiology 



Journal of Liposome Research 



Judge 7th/8th Grade Science Fair 



01/1996-01/1999 

Manuscript Reviewer 

01/1996-01/1996 

Manuscript Reviewer 

01/1996-01/1996 

Manuscript Reviewer 



Biochimica Biophysica Acta 



Molecular Medicine Today 



Reviewer 

Reviewer 

Reviewer 

Board of Directors 

Judge 

Reviewer 

Reviewer 

Judge 

Judge 

Reviewer 

Reviewer 



Journal of Magnetic Resonance Imaging Reviewer 



PROFESSIONAL AFFILIATIONS: 
Dates Organization 

05/2005-Present The American Academy of Nanomedicine 

Additional Details: Founding Member 



01/2001 -Present 
01/2000-Present 
01/2000-Present 
01/1995-Present 
01/1992-Present 
01/1988-Present 
01/1988-Present 
01/1984-Present 



Academy of Molecular Imaging 

Society of Nuclear Imaging in Drug Development 

Intemational Liposome Society 

International Society of Blood Substitutes 

Society of Nuclear Medicine 

American Association for Advancement of Science 

American Chemical Society 

Biophysical Society 



0022.3565/02/303M1-16$7.00 

Tire Journal op Pmarmacolocv and Experimental Therapeutics Vol. 303, No. 1 

Copyright O 2002 by The American Society for Pharmacology and Experimental Hierapeutics 37119/1006667 

JPET 303: 1 1-16, 2002 Printed in U.SA. 



A Novel Approach for the Increased Delivery of Pharmaceutical 
Agents to Peritoneum and Associated Lymph Nodes 



WILLIAM T. PHILLIPS. LUIS A. MEDINA. ROBERT KLIPPER, and BETH COINS 

Department of Radiology, The University of Texas Health Science Center at San Antonio, San Antonio, Texas 

Received April 10, 2002; accepted May 28. 2002 



ABSTRACT 

A novel method for prolonging the retention of liposomes In the 
peritoneum while increasing liposome deposition in lymph 
nodes that drain the peritoneum is described. An aliquot (1 ml) 
of technetium-99m {®®"Tc)-biotin-liposomes encapsulating 
blue dye was Injected intraperitoneally in rats. Thirty minutes 
after administration of the ^"Tc-blue-biotin-liposomes, five 
rats (experimental) were administered avidin (5 mg) intraperito- 
neally, whereas the remaining five rats served as controls. 
Scintigraphic images were acquired at baseline and 1 and 24 h 
after the liposome injection followed by a tissue biodistribution 
study. Images at 24 h clearly demonstrated very different dis- 
tributions between the experimental and control animals. In 
experimental rats, most of the activity was visualized in the 
abdominal region, and in abdominal and mediastinal lymph 
nodes. The percentage of the Injected dose (% ID) in the blood 



was significantly higher in the control group than in the exper- 
imental group (14.0 ±1.7 versus 0,17 ± 0.03%; P < 0.001). 
The % ID in the spleen was also significantly greater for con- 
trols (23.3 ± 3.9%) compared with the experimental group 
(0.78 ± 0.8%; P = 0.001). Significant ®®"Tc activity was de- 
tected in blue-stained abdominal nodes (4.7%) and mediastinal 
nodes (2.3%) from the experimental animals, whereas no blue- 
stained nodes were detectable in the control animals. The 
intraperitoneal biotin-liposome/avidin delivery system de- 
scribed in this study could potentially be used for delivery of 
liposome-encapsulated drugs to disease processes that be- 
come disseminated in the peritoneum such as metastatic ovar- 
ian, gastric, and colorectal cancer, as well as infectious perito- 
nitis. 



There has been a long-standing interest in the local deliv- 
ery of pharmaceutical and biological agents into the perito- 
neum for the treatment of peritoneal diseases (Weisberger et 
al, 1955; Dedrick et aL, 1978; Parker et al., 1981a; Markman 
et aL, 1992; Schneider, 1994; Markman, 2001; De Bree et al., 
2002). The basic goal of this treatment approach is to in- 
crease either the local drug concentration or the duration of 
drug exposure to a peritoneal disease process while decreas- 
ing systemic drug toxicity. Although several recent investi- 
gations have examined the efficacy of intraperitoneally de- 
livered antibiotics, therapeutic radionuclides, and genes 
(Kresta et al., 1993; Meredith et al., 1996; Reimer et al., 
1999), the majority of the research in this area has been 
conducted with intraperitoneally administered chemothera- 
peutic agents for the treatment of peritoneal carcinomatosis 
and ovarian cancer (Howell et al., 1991; Markman, 1998). 
Studies with chemotherapeutic agents administered intra- 
peritoneally have yielded encouraging results for the treat- 
ment of ovarian cancer (Alberts et al., 1996; Markman, 2001). 



Article, publication date, and citation information can be found at 
httpy/j pet.aspetjoumals.org. 
DDI: 10.1124/jpet.l02.037119. 



A recent consensus statement from specialists in the field of 
ovarian cancer recommends that intraperitoneal therapy 
with chemotherapy and/or biological agents be pursued as a 
legitimate area of research (Alberts et al., 1996; Berek et al., 
1999). Reevaluation of the role of intraperitoneal chemother- 
apy for treatment of ovarian cancer has also recently been 
suggested (Kaye, 2001). 

The normal pathway of drug clearance from the perito- 
neum is either through direct absorption across l^e perito- 
neal membrane or by drainage into the lymphatic system 
through absorption by the diaphragmatic stomata (Zakaria 
et al., 1996). Although most intraperitoneally delivered drugs 
are rapidly cleared from the peritoneal fluid, this method of 
administration can achieve much higher peak concentrations 
in the peritoneal fluid compared with the same drug admin- 
istered intravenously (20-fold higher for cisplatin and carbo- 
platin to as high as 1000-fold for Taxol) (Howell et al., 1991; 
Markman et al., 1992). Although these drug levels quickly 
equilibrate with plasma after termination of the peritoneal 
infusion, transiently elevated peritoneal drug levels provide 
a significant therapeutic advantage. Unfortunately, this 
rapid clearance from the peritoneum counteracts the advan- 
tages derived from intraperitoneal infusion. One approach to 



ABBREVIATIONS: % ID, percentage of injected dose; GSH, glutathione; PBS. phosphate-buffered saline; HMPAO, hexamethylpropyleneamine 
oxime; ®^"Tc, technetium-99m. 
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improve peritoneal drug delivery is to encapsulate the drug 
in a liposome (Parker et al., 1981b; Rosa and Clementi, 1983). 

Liposomes are spontaneously forming lipid spheres that 
have been designed to encapsulate a variety of pharmacolog- 
ical agents (Lasic, 1996). By encapsulating a drug in a lipo- 
some, pharmacokinetics and volume of distribution of the 
drug can be greatly altered without diminishing its thera- 
peutic efficacy. Intraperitoneal administration of a drug en- 
capsulated within a liposome effectively shifts the drug clear- 
ance pathway away from direct absorption through the 
peritoneal membrane into clearance by lymphatic drainage. 
This slows the clearance of liposome encapsulated drugs from 
the peritoneum compared with the free drug and has been 
shown to prolong the contact of tumor cells with drugs, in- 
creasing antitumor activity (Sadzuka et al., 2002). 

Although intraperitoneally administered conventional li- 
posomes are more slowly cleared from the peritoneal fluid 
than free drug, the clearance of liposomes from the perito- 
neum is still fairly rapid (peritoneal clearance half-life of 1-6 
h) (Parker et al., 1981b; Sadzuka et al., 2000), and the reten- 
tion of liposomes in lymph nodes receiving Ijmiph draining 
from the peritoneum is relatively low [percentage of the 
injected dose <1% (% ID) per lymph node] (Parker et al., 
1981b). This low lymph node retention occurs because the 
msgority of intraperitoneally administered liposomes returns 
to the systemic circulation by passing through abdominal 
and mediastinal lymph nodes. This minimal retention of 
conventional liposomes in lymph nodes has been described 
previously for liposomes administered subcutaneously (Ous- 
soren et al., 1997; Phillips et al., 2001a). 

We have recently described a novel method of greatly in- 
creasing the retention of subcutaneously injected liposomes 
in lymph nodes (Phillips et al., 2000, 2001b). This method 
increases the retention of liposomes in the primary Ijrmph 
nodes from 1 to 2 to 12%. This method consists of liposomes 
coated with biotin that are subcutaneously injected, followed 
by an adjacent injection of avidin. The avidin causes aggre- 
gation of the liposomes, which become entrapped in the next 
encountered lymph node. In this article, we extend this basic 
methodology to peritoneal drug delivery as a means of pro- 
longing the retention of liposome-encapsulated drugs in the 
peritoneum while greatly increasing their deposition in 
lymph nodes that receive lymphatic drainage from the peri- 
toneum. This study was conducted with biotin-coated lipo- 
somes that encapsulated blue dye and were labeled with 
technetium-99m (^^'^c) to enable both viisual identification 
of lymph nodes as well as scintigraphic imaging and quanti- 
tation of liposome distribution. 

Materials and Methods 

Liposome Preparation and Characterization. Liposomes 
were comprised of a 50.5:45:2.5:2 M ratio (total lipid) of distearoyl 
phosphatidylcholine (Avanti Polar lipids, Birmingham, AL)/choles- 
terol (Calbiochem, San Diego, CA)W-biotinoyl distearoyl phospho- 
ethanolamine (Northern Lipids; Vancouver, BC, Canada)/a-tocoph- 
erol (Aldrich Chemical Co., Milwaukee, WI). Liposomes were 
prepared as described previously (Phillips et al., 2001b) in a laminar 
flow hood using aseptic conditions. A dried film was formed by 
mixing the lipid ingredients in chloroform and then removing the 
chloroform by rotary evaporation and vacuum desiccation for at least 
4 h. The dried lipid film was rehydrated in 300 mM sucrose (Sigma- 
Aldrich, St. Louis, MO) in sterile water at a total lipid concentration 



of 120 /Limol/ml and lyophilized overnight. The resultant lyophilized 
powder was then rehydrated with 200 mM reduced glutathione 
(GSH) (Sigma-Aldrich) and 10 mg/ml patent blue violet dye (CI 
42045; Sigma-Aldrich) in Dulbecco's phosphate-buffered saline 
(PBS), pH 6.3, at a final total lipid concentration of 120 fjimol/ml. 
Immediately before extrusion, the lipid suspension was diluted to 40 
Aimol/ml with 100 mM GSH and 10 mg/ml blue dye in PBS, pH 6.3, 
containing 150 mM sucrose, and extruded through a series (2 jmm, 
two passes; 400 nm, two passes; and 100 nm, five passes) of polycar- 
bonate filters (Lipex, Vancouver, BC, Canada) at 55'C. Extruded 
liposomes were washed three times in PBS, pH 6.3, containing 75 
mM sucrose and centrifuged at 45,000 rpm for 45 min in an ultra- 
centrifuge (Ti60 rotor; Beckman Coulter, Inc., Fullerton, CA) to 
remove any unencapsulated sucrose, GSH, and blue dye. The final 
liposome pellet was reconstituted in 300 mM sucrose/PBS to a total 
lipid concentration of approximately 60 /imol/ml and stored at 4'*C 
until needed. 

The size distribution of two separate samples of liposomes was 
determined using an argon laser (A of 488 nm), and a BI-8000AT 
digital Autocorrelator and software (Brookhaven Instruments, 
Holtsville, NY). All measurements were collected at 20'*C and a 90' 
scattering angle. The time correlation function was evaluated with 
the CONTIN Laplace inversion method. The size distribution histo- 
gram was monomodal with a mean diameter of 129.8 nm (range of 
115.3 to 148.9 nm; relative variance, 0.004; skew, 0.241; and root 
mean square error, 1.12 X 10"^). Phospholipid concentration was 
determined to be 29 mM using the Stewart assay (Stewart, 1980). 
The intraliposomal concentration of blue dye was determined spec- 
trophotometrically to be 0.15 mg/ml (Himle et al., 1988; Phillips et 
al., 2001b). 

Liposome Labeling. Liposomes were labeled with ^^"^c as de- 
scribed previously (Phillips et al., 1992). A commercial kit of the 
lipophilic chelator hexamethylpropyleneamine oxime (HMPAO, 
Ceretec; Amersham Health, Princeton, NJ) was reconstituted with 5 

ml of saline containing 370 MBq of ^^"'Tc-pertechnetate. The kits 
were checked for the percentage of Hpophilic HMPAO using the 
three-step paper chromatography system as outlined in package 
insert. An ahquot (1 ml) of ^^""Tc-HMPAO was added to a concen- 
trated suspension of liposomes encapsulating GSH and blue dye (1 
ml; phospholipid concentration 29 mM), and incubated at room tem- 
perature for 30 min. Labeling efficiencies were determined fi-om the 
®^"Tc activity associated with the ®^™Tc-liposomes before and after 
Sephadex G-25 colunm separation with a dose calibrator (model 
Mark 5; Radix, Houston, TX). For three separate labeling experi- 
ments, the labeling efficiency was 92.8 ± 2.4%. 

Imaging Studies. All animal studies were conducted under the 
National Institutes of Health Animal Use and Care guidelines and 
approved by our Institutional Animal Care Committee. Imaging 
studies were performed on two groups of male Sprague-Dawley rats 
(200-300 g), experimental {n = 5) and control {n = 5). Rats were 
anesthetized with ketamine/xylazine (both from Vedco, St. Joseph, 
MO) (50:10 mg/kg, v/v) in the thigh muscle. An aUquot (1 ml) of 
^^"*Tc-blue-biotin-liposomes was diluted with 1 ml of saline, and this 
volume (2 ml; 32.7 mg of phospholipid/kg; 43 MBq) was injected into 
the peritoneum in both experimental and control rats. The volume of 
liposomes chosen for this study was determined from pOot experi- 
ments. Without dilution of the liposomes, we observed less move- 
ment into the lymphatics and more liposome aggregates in the ab- 
domen. Anterior whole body dynamic (1 min) images were acquired 
with rats in a prone position lying on top of the camera face (64 X 64 
word image matrix with a zoom of 1.66) using a Dyna 4 gamma 
camera (Picker, Cleveland, OH) interfaced to a Pinnacle computer 
(Medasys, Miami, FL) for 60 min after administration of the ^^'"Tc- 
Uposomes. Thirty minutes after administration of the ^^""Tc-blue- 
biotin-liposomes, the experimental rats were administered avidin (5 
mg in 1 ml of saline) (Sigma-Aldrich) intraperitoneally. The timing of 
the avidin injection was determined from previous pilot studies. At 
the end of 1 h, the rats were allowed to recover from anesthesia and 
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housed for the night. At 24 h, animals were again anesthetized as 
described previously, and anterior static images were acquired for 1 
min in a 64 X 64 image matrix. 

Image Analysis. A region of interest was placed over the whole 
animal on the 1-min baseline image and on the 24-h static image to 
determine the percentage of activity that had cleared from the body 
of each rat through urine or feces. The 24-h coimts were decay 
corrected and the percentage of baseline counts remaining in the 
animal was calculated. 

Biodistribution Studies. After the imaging study, rats were 
euthanized by cervical dislocation. Tissues were harvested, weighed, 
and counted for radioactivity (multichannel analyzer; Packard Bio- 
science, Meridan, CT). The % ID per organ was calculated by com- 
parison with a standard aliquot of ^^"'Tc-blue-biotin-Iiposomes. 

Statistical Analysis. Values are reported as mean ± S.E. Statis- 
tical analysis was performed using Excel (Microsoft, Redmond, WA) 
software for a Macintosh computer (Apple, Cupertino, CA). Statisti- 
cal differences in the % ID per organ between the experimental and 
control groups were determined using an unpaired Student's t test. 
The acceptable probability for a significant difference between 
means was P < 0.05. 

Results 

Figure lA shows the 24-h whole body scintigraphic images 
of four different experimental rats (top images) compared 
with four different control rats (bottom images). Figure 16 
shows an enlarged image of an experimental rat compared 
with a control rat. These images clearly demonstrate the very 
different biodistributions between the experimental and the 
control animals. Also, the increased accumulation of ^^^Tc 
activity in the abdominal nodes and mediastinal nodes of 
experimental rats is evident. All the control animals have 
similar organ distributions with a high concentration of ac- 
tivity in the spleen, which is the organ with the greatest 
liposome uptake in the control animals. Experimental rats 
given avidin have virtually no uptake in the spleen. In ex- 
perimental rats, most of the activity was confined to the 
abdominal region, although the distribution on the images 
was more variable than in the control animals. From the 
images, it can be seen that all experimental animals had 
activity in the mediastinal nodes. Image analysis of the 
whole animal body revealed that 81.9 ± 1.5% of the dose was 
still retained in the body of the experimental animals com- 
pared with only 72.8 ± 0.20% retained in the body of control 
animals after 24 h (P - 0.001), consistent with a faster 
clearance from the body of the ^^™Tc in the control animals 
compared with the rats administered avidin. 

The tissue biodistribution results are shown in Table 1. 
Blood activity is significantly higher (P < 0.001) in the con- 
trol group (14.0 ± 1.7%) compared with the experimental 
group (0.17 ± 0.03%). The % ID measured in the spleen is 
also significantly higher (P < 0.01) for the control group 
(23.3 ± 3.9%) compared with the experimental group (0.78 ± 
0.8%). Significant amounts of activity were also detected in 
blue-stained abdominal nodes (4.7%) and blue-stained medi- 
astinal nodes (2.3%) in the experimental animals (Table 1), 
Photographs of the mediastinum and abdomen in an exper- 
imental animal at 24-h necropsy after ®^"^c-blue-biotin-lipo- 
some administration are shown in Fig. 2, A and B. The blue 
staining of the mediastinal nodes and the abdominal node is 
clearly demonstrated in these photos. No blue-stained nodes 
were detectable in the control animals. The activities in the 
kidneys and lungs were also significantly higher in the con- 



Avidin 




24 Hour images 



Fig. 1. A, scintigraphic images of four experimental rats (top row) with 
avidin and four control rats (bottom row) acquired 24 h postinjection. 
Note the very different distributions in the experimental animals, which 
have much greater activity in the peritoneal region and in the abdominal 
and mediastinal lymph nodes, without activity visualized in the spleen. 
The control animals have consistently high spleen uptake with virtually 
no activity remaining in the peritoneum. B, single enlarged scintigraphic 
images of an experimental rat (avidin) compared with a control rat for a 
more detailed comparison. 

trol animals compared with the experimental animals. The 
only organ with substantial uptake in the experimental an- 
imals was the liver, which had 7.7% ID compared with 9.8% 
ID in the control animals. The total activity in the blood and 
major organs (liver, spleen, kidneys, lungs, and blood) was 
much greater in the control animals compared with the ex- 
perimented animals (51.7 versus 9.6%), indicating that the 
^^'^c-blue-biotin-liposomes in the absence of avidin were 
easily cleared from the peritoneum and associated lymph 
nodes. 

Discussion 

Previous studies have shown that free drugs administered 
into the peritoneum are rapidly cleared by absorption 
through the peritoneal lining. In a clinical study of free 
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TABLE 1 

Biodistribution of ^"Tc-blue-biotin-liposomes at 20 h after i.p. injection 
in rats 

Values are mean ± S,E. n - 5. 



Organ 


Experimental 
(+Avidin) 


Control 
(-Avidin) 




% ID /organ 




Spleen 


0.8 ± 0.2 


23.3 ± 3.9** 


Blood 


0.2 ± 3.0 


14.1 ± 1.7*** 


Abdominal nodes 


4.7 ± 3.0 


a 


Mediastinal nodes 


2.3 ± 0.6 


a 


Liver 


7.7 ± 1.9 


9.8 ± 0,7 


Kidney 


0.8 ± 0.2 


3.9 ± 0.4*** 


Lung 


0.1 ± 0.1 


0.5 ± 0.1* 



" Could not be identified and removed for cotmting because blue staining of nodes 
did not occur. Only minimal accumulation of ®*"*Tc-blue-biotin-liposomea in these 
nodes could have occurred. 

* P < 0.05; **P< 0.01; *** P < 0.001. Depicted P values (two-tailed unpaired t 
test) refer to differences between experimental and control group. 



cisplatin administered by continuous hyperthermic perito- 
neal perfusion, only 27% of the administered cisplatin re- 
mained in the peritoneal fluid at the end of a 90-min infusion 
(Cho et al., 1999). Most of the cisplatin dose rapidly entered 
the systemic circulation by direct absorption through the 
peritoneal membrane. 

The encapsulation of drugs in liposomes for intraperitoneal 
administration has several potential advantages. First, di- 
rect local toxicity of the chemotherapeutic agent may be 
attenuated because of encapsulation of the drug inside the 
protective lipid bilayer of the liposome. This is important 
because the dose-limiting toxicity of many intraperitoneally 
administered drugs is abdominal pain from direct peritoneal 
irritation (Markman, 2001). Liposome encapsulation has 
been shown to have reduced local toxicity compared with free 
drug when extravasated into tissue (Madhavan and North- 
felt, 1995). 

Second, the encapsulated drug is blocked from rapid direct 
absorption through the peritoneal lining, resulting in in- 
creased time for the liposome-encapsulated drug to reach 
tumor cells, while the encapsulated drug is slowly cleared 
through the lymphatics. Many studies have clearly demon- 
strated that the pharmacokinetics of liposome-encapsulated 
drugs administered intraperitoneally is very different from 
the same nonencapsulated drug administered intraperitone- 
ally (Parker et al., 1981; Rosa and Clementi, 1983; Sadzuka 
et al., 2000). Slow removal of liposomes from the peritoneal 
cavity seems to provide a sustained release of drug from the 
liposomes into the peritoneal cavity. In one study in which 
liposomes encapsulating cefoxitin were administered intra- 
peritoneally, the release of cefoxitin from the liposome com- 
plex was estimated to be well in excess of the maximum 
inhibitory concentration (Kresta et al., 1993), Similar find- 
ings were also described in a model of peritoneally dissemi- 
nated cancer in which doxorubicin encapsulated in liposomes 
was considered to be slowly released in the abdominal cavity 
from disrupted liposomes (Sadzuka et al., 2000). 

Third, increased lymph node targeting is possible because 
liposome-encapsulated drugs are cleared through the lym- 
phatic vessels with at least a portion of the administered 
drug being deposited in the lymph nodes, where it degrades 
and is slowly released from the liposome in high concentra- 
tion (Parker et al., 1981b; Hirano and Hunt, 1985). The 
avidin/biotin-liposome intraperitoneal delivery system 
should have the same advantages as described above for" 




Fig. 2. A, photograph of mediastinal lymph nodes demonstrate the 
marked blue staining in experimental animals receiving avidin. Control 
animals had no apparent blue staining of these mediastinal nodes, even 
though they received the same intraperitoneal dose of ^®™Tc-blue-biotin 
liposomes. B, photograph of a blue stained abdominal lymph node in an 
experimental animal prior to dissection and removal. The control animal 
had no apparent staining of abdominal nodes. 

intraperitoneally delivered liposomes, with the additional 
enhancements of greater prolongation of intraperitoneal re- 
tention and drug release as well as increased retention and 
release within lymph nodes. 

In the last decade, research has been performed with in- 
traperitoneally administered liposome-encapsulated anti- 
cancer agents (Malik et al., 1991; Vadiei et al., 1992; Daoud, 
1994; Sharma et al., 1996, 1997). These studies have demon- 
strated a significantly prolonged retention time of the lipo- 
some-encapsulated chemotherapeutic agents in the perito- 
neum. These studies support the hypothesis that there is a 
marked pharmacological advantage for the treatment of in- 
traperitoneal malignancies by encapsulating the intraperito- 
neally administered chemotherapeutic agent in a liposome 
(Vadiei et al., 1992; Daoud, 1994). Other studies demonstrate 
an improved toxicity profile. For instance, encapsulation of 
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paclitaxel in a liposome has been shown to have decreased 
toxicity while retaining equal efficacy for the treatment of 
intraperitoneal P388 leukemia (Sharma et al., 1996, 1997). It 
is likely that the reduced toxicity results from decreased local 
toxicity of encapsulated paclitaxel compared with the free 
drug. In humans, the dose-limiting toxicity from intraperito- 
neal administration of paclitaxel was severe abdominal pain, 
which was thought to be due to direct toxicity from either the 
paclitaxel or the ethanol/polyethoxylated castor oil delivery 
vehicle (Markman et al., 1992). 

The observations from the present study suggest that the 
biotin-liposome/avidin methodology would enhance the res- 
ervoir-like effect observed previously for standard liposome 
formulations by blocking rapid l3rmphatic transit of lipo- 
somes from the peritoneum to the systemic circulation. The 
interaction of biotin-liposomes with avidin apparently results 
in aggregation of the liposomes in the peritoneum. This ag- 
gregation greatly alters the distribution of liposomes and 
seems to result in a prolonged retention of liposomes in the 
peritoneum as well as an increased accumulation and reten- 
tion of liposomes in lymph nodes receiving drainage from the 
peritoneum. In our study, animals that received avidin had 
only a minimal percentage of the injected dose of liposomes 
reach the systemic circulation by 24 h as evidenced by the 
scintigraphic images and the low % ID found in the spleen, 
blood, and liver at 24 h (<9% ID), In contrast, control ani- 
mals, not administered avidin, had 23% ID in the spleen, 14% 
ID in the blood, and 9.8% ID in the liver for a total of 47% ID 
in these organs at 24 h. L3niiph nodes in the abdomen and in 
the mediastinum also had greatly increased uptake in the 
rats receiving avidin. 

The liposome biodistribution for control animals in the 
present study was similar to previous reports with standard 
liposome formulations that were administered intraperitone- 
ally (Ellens et al., 1981; Rosa and Clementi, 1983; Allen et al., 
1993). For example, Ellens et al, (1981) reported that 19% of 
the intraperitoneally administered liposomes were detected 
in the blood at 2 h, with 7% in the liver and 4% in the spleen, 
indicating fairly rapid clearance of liposomes from the peri- 
toneal cavity into the systemic circulation. In another study 
of intraperitoneally administered liposomes, 30% of the lipo- 
somes reached the liver by 6 h (Rosa and Clementi, 1983). 
Allen et al. (1993) has also demonstrated that liposomes 
labeled with iodine- 125 and administered intraperitoneally 
to mice achieved peak blood levels that were very close to the 
situation when the same dose of liposomes were adminis- 
tered intravenously. After reaching the blood, the liposomes 
had a tissue distribution that was equal to that of intrave- 
nously injected liposomes. 

It must be noted that simply making liposomes larger does 
not increase retention in the peritoneum or lymph nodes that 
receive drainage from the peritoneum. Hirono and Hunt 
(1985) have performed an extensive study on the effect of 
liposome size on their subsequent distribution after intra- 
peritoneal administration. In their studies, 50 to 60% of the 
intraperitoneal dose of liposomes of vau:ying sizes encapsu- 
lating ^"^C-labeled sucrose cleared from the peritoneum by 5 h 
in all liposomes studied. These liposomes ranged in size from 
48 to 720 nm. The greatest amount of [^'^Clsucrose ('--40%) 
appeared in the urine after administration of the largest 
liposomes. The authors speculated that the large 460- and 
720-nm liposomes were unstable in the peritoneum so that 



they rapidly released the encapsulated [^"^Clsucrose. It is also 
unlikely that simply increasing the size of the liposomes, in 
and of itself, would be sufficient to result in increased peri- 
toneal and lymph node retention because particles as large as 
erythrocytes readily drain from the peritoneum by pgissing 
through the lymph nodes into the bloodstream. In one study 
of chromiimi-51 -labeled red blood cells injected into the peri- 
toneal cavity of sheep, 80% of the red cells had returned to 
circulation by 6 h after administration (Yuan et al., 1994). 

In the present study, experimental animals retained a 
significant portion of the liposome dose in the abdominal 
region and in their abdominal and mediastinal nodes. This 
retention of liposomes in experimental animals should result 
in increased release of a liposome-encapsulated drug in the 
peritoneal fluid and in the l3anph nodes receiving lymphatic 
drainage from the peritoneum. Delivery of liposome-encap- 
sulated drugs using this method should provide sustained 
local release of drug within the peritoneum and the lymph 
nodes draining the peritonevm:! as the liposomes degrade or 
become phagocytized by macrophages. This delivery system 
could also attenuate systemic drug toxicities by greatly re- 
ducing the rate at which a drug returns to the systemic 
circulation by either passage through the lymphatic vessels 
and l3anph nodes, or through direct absorption through the 
peritoneal membrane. 

An important potential application of liposomes that en- 
capsulate anticancer agents is in the prophylaxis of perito- 
neal carcinomatosis. Because 50% of patients with malignant 
gastrointestinal or gynecological diseases experience perito- 
neal carcinomatosis shortly after local curative resection, 
there is a great interest in delivering intraperitoneal chemo- 
therapy during the perioperative period. In a recent study, 
Hribaschek et al. (2001) found that the intraperitoneal ad- 
ministration of the chemotherapeutic agents cisplatin and 
mitomycin prevented perioperative peritoneal carcinomato- 
sis in a rat model. The rats receiving cisplatin did, however, 
experience severe, local toxicity with bleeding into the peri- 
toneum and toxic necrotic reactions of the colon. Liposomes 
encapsulating anticancer agents delivered by the method 
described in this article could potentially be used for this t3^e 
of perioperative chemotherapy. The potential for treatment 
of micrometastasis in lymph nodes secondary to lymphatic 
dissemination is also great. For example, liposome retention 
in mediastinal lymph nodes as demonstrated in this study 
may be efficacious in ovarian cancer therapy as metastasis to 
mediastinal and other lymph nodes are not imcommon find- 
ings in ovarian cancer at autopsy (Montero et al., 2000). 

The investigations in this study were in normal animals. 
Future studies need to be conducted in models of various 
disease processes. Other investigations that need to be per- 
formed include determination the best timing of the avidin 
injection. This timing may vary depending on the disease 
process being treated. For example, administration of the 
avidin simultaneously with the liposomes is likely to result in 
a significantly greater retention in the peritoneum. Other 
variations in timing could result in increased lymph node or 
diaphragm targeting of the liposomes. One significant con- 
sideration would be whether this method would have any 
significant advantage in an advanced disease process if the 
lymphatics were obstructed. With l3miphatic obstruction, in- 
traperitoneally administered liposomes would likely be re- 
tained in the peritoneum and would be unable to reach the 
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lymph nodes so that the advantages of this delivery system 
would be negated. In most intraperitoneal disease processes, 
complete obstruction of the lymphatics is uncommon and 
generally occurs only in advanced disease. For example, ovar- 
ian cancer is the most common cause of malignant ascites, 
which is often due to lymphatic obstruction. However, in a 
recent study only 12.5% of women diagnosed with early stage 
ovarian cancer presented with ascites (Eltabbakh et al., 
1999). 

In summary, the intraperitoneal biotin-liposome/avidin de- 
livery method described in this article has potential as a 
delivery system for the local treatment of intraperitoneal and 
intralymphatic disease processes by increasing the retention 
of drugs in the peritoneum and in the l)rmph nodes that 
receive lymphatic drainage from the peritoneum. 
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ABSTRACT: The objective of this study was to develop a more effective liposome-based 
method for delivering drugs to mediastinal nodes. Nodal uptake was determined after 
intrapleural injection of the avidin/biotin-liposome system in normal rats. The effect of 
iryection sequence (avidin injected 2 h before biotin-liposomes and vice versa), volume 
injected, and administered dose of the agents is described. Pharmacokinetics of the 
avidin/biotin-liposome system was monitored with scintigraphic imaging by labeling 
the biotin-liposomes with technetium-99m (®®^c). To identify the nodes during the 
biodistribution studies, patent blue dye was encapsulated in the biotin-liposomes. Tissue 
biodistribution studies were performed 22 h after injection of the ®^™Tc-blue-biotin- 
liposomes. When avidin was injected before ®^"^Tc-blue-biotin-liposomes, better med- 
iastinal node targeting (15.7%; p < 0.05) was achieved than when biotin-liposomes were 
injected first (8.3%) or when only biotin-liposomes were injected (1.0%). Injection of a 
small dose of liposomes (0.5 mg phospholipid) and avidin (0.5 mg) resulted in the most 
favorable drug delivery to mediastinal nodes and other organs. Intrapleural injection of 
the avidin/biotin-liposome system could potentially be used for drug delivery to disease 
processes such as lung cancer, anthrax, and tuberculosis that invade mediastinal nodes 
and use them as centers of incubation and dissemination. © 2004 Wiley-Liss, Inc. and the 
American Pharmacists Association J Pharm Sci 93:2595-2608, 2004 

Keywords: liposomes; drug targeting; pharmacokinetics; lymphatic transport; 
scintigraphy 



INTRODUCTION 

Lymphatic spread is one of the common pathways 
that cancer arid other diseases use to dissemi- 
nate.^'^ Tumor cells, viruses, and bacteria use the 
lymphatics to spread and form secondary tumors 
and sites of infection. The l3anphatic system is a 
complex network of channels that drain fluids and 
proteins from the interstitial space of the body 
and transport them to the lymph nodes and then 
into the blood circulation. Important functions of 
the lymph nodes include defending the body 
against infections by filtering invading particles 
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from the lymph fluid and supporting the activities 
of the immune system.^'^ However, if the system 
is severely affected or invaded by a disease, the 
lymph nodes can act as holding reservoirs where 
these agents can take root and expand into other 
regions of the body In consequence, important 
attention has been focused on the development of 
effective methods to deliver therapeutic agents to 
lymph nodes to prevent further dissemination of 
the disease.^'^"^ 

One approach to this problem is the use of 
liposomes to carry drugs to the lymphatic system 
with the goal of improving lymph node targeting 
while reducing toxicity and adverse side reactions 
caused by the "free" drug. Liposomes offer several 
advantages over other delivery systems including 
biocompatibility, protection of the drug from de- 
gradation, and a wide range of physical properties 
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that can be modified to control their biological 
behavior. ^^'^^ Targeting of l3anph nodes with 
liposomes after subcutaneous and intraperitoneal 
administration has been previously reported. 

In the present work, we propose the use of the 
avidin/biotin-liposome system for the targeting 
of mediastinal lymph nodes. Mediastinal l3rmph 
nodes are involved in many pathological proces- 
ses including lung cancer, tuberculosis, and 
anthrax,^®"^^ and represent a critical site for can- 
cer and infection spread into other regions of the 
body. There are few reports describing mediastinal 
node targeting and only intraperitoneal injection 
of certain liposome formulations has shown pro- 
mising results.^^'^® 

The avidin/biotin-liposome system consists of 
avidin and biotin-coated liposomes, and makes use 
of the high affinity between avidin and biotin.^^ As 
previously described, the interaction of both 
agents during their migration into the lymphatic 
vessels can produce an aggregate of liposomes that 
is better retained in lymph nodes when injected 
subcutaneously and intraperitoneally.^^'^® Now, 
we propose injecting the avidin/biotin-liposome 
system directly into the pleural space to target 
mediastinal nodes. In a previous work,^^ we de- 
scribed the pharmacokinetics and biodistribution 
of indium-lll-avidin and technetium-99m (^^"Tc) 
biotin-liposomes injected individually in the pleu- 
ral space and peritoneum. Comparing intraper- 
itoneal versus intrapleural injections of each 
individual agent, the results showed that intra- 
pleural injection ofTers some advantages in the 
targeting of mediastinal nodes, in particular a 
significant reduction of unfavorable distribution of 
the agents in spleen, kidney, and bowel.^^ This 
study also revealed that a single injection of avidin 
had better lymphatic uptake and mediastinal node 
retention than a separate single injection of biotin- 



liposomes. This result led us to hj^othesize that an 
aggregate of liposomes could be produced and 
retained in the nodes if avidin was injected first 
and then followed some time later by an injection of 
biotin-liposomes. 

In the present work, we investigated the 
potential of intrapleural injection of the avidin/ 
biotin-liposome system for deUvering liposome- 
encapsulated drugs to mediastinal nodes. The 
effect of the sequence of the intrapleural injection 
of avidin and the ®®"^c-blue-biotin-liposomes as 
well as the volume in which they were injected was 
investigated in normal rats. An injection of avidin 
followed 2 h later with an injection of biotin- 
liposomes (Method A) was compared with an 
injection of biotin-liposomes followed 2 h later by 
an injection of avidin (Method B), and with a 
control group (Method C) in which no avidin was 
injected (Fig. 1), In each method, three different 
volumes of both agents were injected. In a second 
experiment, mediastinal node targeting was eval- 
uated by comparing different injected doses of both 
agents. 

The pharmacokinetics and organ uptake of the 
avidin/biotin-liposome system was monitored with 
a gamma camera by labeling the biotin-liposomes 
with ^®"Tc. In order to visualize the nodes during 
the biodistribution studies, patent blue dye was 
encapsulated in the biotin-liposomes. Tissue bio- 
distribution studies were performed 22 h after 
injection of the labeled liposomes. 

EXPERIMENTAL 

Blue Biotin-Liposome Manufacture and 
Characterization 

Liposomes coated with biotin were comprised of 
distearoyl phosphatidylcholine (Avanti Polar 
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Figure 1. Experimental design for avidin and ®^"^Tc-blue-biotin-liposome adminis- 
tration at different volumes (VI : 0.05 mL of ®®"Tc-biotin-liposomes, 0.03 mL of avidin; V2: 
0.1 mL of ^®"*Tc-biotin-liposomes, 0.06 mL of avidin; V3: 0.5 mL of ^^c-biotin-liposomes, 
0.3 mL of avidin) in the pleural space. The sequence of the injections, image acquisition, 
and biodistributions for each method tested are shown. Same dose, Dl: 0.5 mg of 
phospholipid (1.73 mg/kg-body) and 0.5 mg of avidin vi^as used in these studies. 
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Lipids, Pelham, AL)/cholesterol (Calbiochem, San 
Diego, CA)/N-biotinoyl distearoyl phosphoethano- 
lamine (Northern Lipids, Vancouver, Canada)/a- 
tocopherol (Aldrich, Milwaukee, WI) (58:39:1:2 
total lipid molar percentage). Lipid ingredients 
were co-dried from chloroform (Fisher Scientific, 
Fair Lawn, NJ) by removing it by rotary evapora- 
tion and desiccation for 24 h. The dried lipid film 
was rehydrated with 300 mM sucrose (Sigma, 
St. Louis, MO) in sterile water (at a total lipid 
concentration of 120 )imol/mL), warmed to 55°C, 
and then lyophilized overnight. The dried lipid- 
sucrose mixture was rehydrated with 200 mM 
reduced glutathione (GSH) (Sigma) in Dulbecco's 
phosphate-buffered saline (PBS) (pH 6.3) and 
10 mg/mL patent blue dye (CI 42045; Sigma). 
Before extrusion, the lipid suspension was diluted 
to 40 ^mol/mL with 100 mM GSH in PBS contain- 
ing 150 mM sucrose and 10 mg/mL patent blue 
dye and then extruded through a series (2 |i, two 
passes; 400 nm, two passes; 100 nm, five passes) of 
polycarbonate filters (Lipex Extruder, Vancouver, 
Canada) at 55°C to form unilamellar liposomes. 
Unencapsulated GSH, blue dye, and sucrose were 
then removed by repeated washings and ultra- 
centrifugation at 41,000 rpm for 50 min (Ti50.2 
rotor; Beckman, FuUerton, CA). Liposomal pellets 
were resuspended in PBS containing 300 mM 
sucrose (pH 6.3) to a total lipid concentration of 
60 ^mol/mL and stored at 4°C until needed. 

Liposome preparations were tested for liposo- 
mal size by determining the diameter and poly- 
dispersity index (PI) using a particle size analyzer 
(Brookhaven Instruments, Holtsville, NY). The PI 
measures the homogeneity of the liposome sample 
with regard to diameter. A value of 0.0 represents 
a completely homogeneous sample whereas a 
value of 1 . 0 represents a completely heterogeneous 
sample. Liposomes were also tested in duplicate 
for phospholipid content by Stewart assay^^; GSH 
content by BIOXYTECH GSH-400 assay (R&D 
Systems, Minneapolis MN); blue dye concentra- 
tion by spectrophotometry at 635 nm; sterility and 
endotoxin levels. After release from liposomes by 
chloroform extraction, GSH was separated from 
blue dye using a D-salt Polyacrylamide 1800 
Desalting Gel column (Pierce, Rockford, IL) before 
determination of GSH content with GSH-400 
assay. 

Liposome Labeling Procedure 

The labeling of liposomes with ®^"^c was per- 
formed as previously described.^^ Briefly, a 



commercial kit of lipophiUc chelator, hexamethyl- 
propyleneamine oxime (HMPAO, Ceretec; Ny- 
comed Amersham, Arlington Heights, IL), was 
reconstituted with either 5 mL of saline con- 
taining 555 MBq (15 mCi) or 2.5 mL contain- 
ing 2775 MBq (75 mCi) of ^^^c-pertechnetate 
(Nycomed Amersham Radiopharmacy, San 
Antonio, TX) depending on the final specific 
activity of the liposomes needed for small-volume 
injections. An ahquot of ^^"Tc-HMPAQ was added 
to a concentrated suspension of blue biotin- 
liposomes (1:1 ratio) encapsulating GSH and 
incubated at room temperature for 30 min. Free 
label was removed from the liposomes by passage 
over a Sephadex G-25 column (Amersham Phar- 
macia Biotech; Uppsala, Sweden). Labeling effi- 
ciencies were checked by determining the ®^"Tc 
activity before and after column separation of 
®®"Tc-blue-biotin-liposomes using a dose calibra- 
tor (Mark 5; Radix, Houston, TX). 

Animal Studies 

Male Sprague-Dawley rats (~0.3 kg) were used 
for these experiments. Animal experiments were 
performed under the National Institutes of Health 
Animal Use and Care Guidelines and approved by 
our institutional animal committee. Before injec- 
tions, imaging, and euthanasia, the rats were 
anesthetized by inhalation with isoflurane-USP 
(Vedco, Inc., St. Joseph, MO) using an anesthesia 
inhalation machine (Backford Inc., Wales Center, 
NY). 

Intrapleural Injection Technique 

Injections in the pleural space were performed 
using the following technique. Anesthetized rats 
were shaved in the lateral left chest. An incision 
of approximately 8 mm was made through the 
skin, then the fascia was dissected away and a 
small incision was made through the external 
oblique muscle layer, the latissimus dorsi, and the 
serratus layers. Using fine scissors, a nick was 
made in the intercostal layers. The intercostal 
layers were punctured using a blunt needle stub 
(19 gauge, ~4.5 mm in length). To confirm pene- 
tration and to prevent damage to the underlying 
lungs, a 1-mL tuberculin syringe was fitted to the 
19-gauge luer hub and 0,1 mL of air was injected 
into the pleural space. When successfully placed, 
the air will enter the pleural space without re- 
sistance. If resistance was encountered, the 19- 
gauge stub was removed and reintroduced. The 
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material was then injected using a blunt 23-gauge 
needle stub ('^'20 mm in length) inserted through 
the 19-gauge needle stub. 

Study Design 

Pilot studies were performed to evaluate the 
optimal time to intrapleurally inject the avidin 
and biotin-liposomes based on pharmacokinetics 
results obtained in a previous study. When both 
agents were injected at the same time, avidin 
followed immediately by the biotin-liposomes, a 
large liposome aggregate was largely confined in 
the pleural space and the targeting of mediastinal 
nodes was minimal (<1%). Increasing the time 
between injections to 30 min also resulted in 
large levels of liposome aggregate confined in the 
pleural space and low mediastinal node targeting. 
When the time between injections was increased 
to 4 h, minimal liposome aggregate was produced 
with the biotin-liposomes moving quickly into 
blood circulation and spleen and minimal reten- 
tion in mediastinal nodes. When the time between 
injections was fixed at 2 h, liposome aggregate 
was poorly confined in the pleural space and high 
levels of mediastinal node targeting were 
achieved. In the following experiments, a time of 
2 h between the injections of the agents was used. 

Injection Sequence and Injected 
Volume Study 

Mediastinal node targeting as a function of the 
injection sequence of each agent and the volume 
injected was determined. In the first injection 
sequence (Method A — avidin first), avidin (Sigma) 
was injected in the pleural space followed 2 h later 
by an injection of ®®"Tc-blue-biotin-liposomes in- 
jected in the same injection site. In the second 
injection sequence (Method B — ^biotin-Uposomes 
first), ®®"^c-blue-biotin-liposomes were injected 
first and the avidin was injected 2 h later. For the 
control group (Method C — control), only ^^'"Tc- 
blue-biotin-liposomes were injected in pleural 
space (Fig. 1). For each method, three different 
volumes (VI, V2, V3) of each agent were injected 
maintaining a constant dose Dl of phospholipid 
and avidin. Clinical experience with pleural 
diseases and experimental results in animals^^'^^ 
have suggested that the lymphatic clearance of 
the pleural space operates at maximum rate once 
the plexiral liquid exceeds a certain threshold 
volume. In most mammals, the volume of pleural 
liquid in normal conditions is 0,1-0.2 mL/kg.^^ 



According with this value, the volume of pleural 
liquid in rats (300 g) should be 30-60 ^iL. In this 
experiment, three different volumes were in- 
jected to study the effect of the injected volume 
(>the threshold volume) on the targeting and 
retention of liposomes in mediastinal nodes. The 
injected dose Dl (0.5 mg of phospholipid and 
0.5 mg of avidin) was empirically determined from 
a previous l3nnph node targeting study in which 
avidin and biotin-liposomes were subcutaneously 
injected. ^'^ For the first volume, VI, 0.05 mL of 
^^"Tc-blue-biotin-liposomes (0.52 mg % 1.73 mg 
of phospholipid/kg-body; 12 MBq) and 0.03 mL 
of avidin solution in saline (0.5 mg) were used. 
For V2, 0.1 mL of ^^""Tc-blue-biotin-liposomes 
(0.52 mg«1.73 mg of phospholipid/kg-body; 
9.4 MBq) and 0.06 mL of avidin (0.5 mg) were 
injected. For V3, 0.5 mL of ^^"T'c-blue-biotin- 
liposomes (0.52 mg « 1.73 mg of phospholipid/kg; 
9.0 MBq) and 0.3 mL of avidin (0.5 mg) were used. 

Injected Dose Study 

To evaluate mediastinal node targeting as a func- 
tion of the injected dose of both agents, three dif- 
ferent doses were injected in the pleural space 
using the procedure of Method A-V2 because 
these parameters resulted in the best mediastinal 
node targeting as determined from the prior 
injection sequence and volume injected study 
(Table 1). Three groups of rats were used for this 
study. In the first group, Dl, a dose of 0.5 mg/ 
0.06 mL of avidin and 0.5 mg/0.1 mL of phospho- 
lipid (^^"'Tc-blue-biotin-liposomes; ~1.67 mg of 
phospholipid/kg-body; 9.4 MBq) was injected. For 
the second group, D2, 1.0 mg/0.06 mL of avidin 
and 1.0 mg/0.1 mL of phospholipid (~3.34 mg of 
phospholipid/kg-body, 23 MBq) were injected. 
Finally, in the last group, D3, 5.0 mg/0.06 mL 
of avidin and 5.0 mg/0.1 mL of phospholipid 
(~16.7 mg of phospholipid/kg-body, 17.8 MBq) 
were used. 

Image Acquisition 

In all these studies, scintigraphic images were 
acquired at several times. Static images were 
acquired in a 128 x 128 Word Image Matrix with a 
zoom of 1.45 X using a Picker SX-300 gamma 
camera (Cleveland, OH) interfaced to a Medasys 
Pinnacle computer (Miami, FL). Images for the 
®®"Tc-blue-biotin-liposomes were acquired in the 
^^"^c window (140 keV ± 20%) using a low-energy 
high-resolution collimator. 
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Biodistributions 

Biodistribution studies were performed 22 h after 
®^"Tc-blue-biotin-liposome injection. After ima- 
ging, the anesthetized animals were euthanized 
by cervical dislocation, and tissues were harvest- 
ed, weighed, and counted for radioactivity (Auto- 
Gamma 5000 Series; Packard Instruments, 
Downers Grove, IL). Total blood volume was 
calculated as 5.6% of total body weight.^^ During 
the entire study, the rats were located in indi- 
vidual metabolic cages and the urine and feces 
were collected. Feces and bowel were dissolved in 
a saturated solution of sodium hydroxide (NaOH). 
An aliquot of the total volume of urine and the 
dissolved feces and bowel were counted for radio- 
activity. The percentage of injected dose (% ID) 
per organ was calculated by comparison with a 
standard aliquot of the radioactive material used. 

Image Analysis 

Regions of interest (ROD were drawn around the 
mediastinal nodes and selected organs on the 
images using OSIRIS imaging software (version 
3.1; University Hospital of Geneva, Geneva, 
Switzerland). A box was drawn around the entire 
body in the baseline image (0 h) to determine 
the number of counts injected into the body (Aq). 
The percentage of activity at some specific time 
t [% Ait)] accumulated in the ROI was calculated 
as the ratio of the counts in the ROI [ARoi(rt] 
and the total number of counts injected into the 
whole body at baseline (Aq), multiplied by 100 
[%A(t) = Aroi(^)/Ao X 100]. Counts associated with 
the ROI were corrected for radioactive decay 
(referred to the injection time), the time used for 
image acquisition, and for background activity 
when the time of image acquisition was longer 
than 15 min. 

Statistical Analysis 

Values are reported as meaniSEM. Statistical 
analysis was performed using one-way or two- 
way analysis of variance (AN OVA) to compare the 
percentage of injected dose per organ (% ID/organ) 
in the mediastinal nodes and other organs using 
SPSS Base 10,0 software (SPSS Inc., Chicago, IL). 
Rats were considered nested between method 
and volume or between dose. Differences in % ID/ 
organ were statistically compared using between- 
groups multiple comparisons. When necessary, 
comparison among means were Bonferroni ad- 



justed. A log transformation was applied to the 
data to better satisfy the assumptions underljdng 
the analysis. Means and standard errors were 
computed from untransformed data and state- 
ments of statistical significance were based on- 
transformed data, p < 0.05 was defined as an ac- 
ceptable probability for a significant difference 
between means. 



RESULTS 

Liposome Characterization 

Liposomes were 134 nm (0.079 PI) in diameter 
and contained 37 mmol/L phospholipid and 
0.046 mmol/L GSH. No growth of bacteria was 
detected and the endotoxin level was >2.5 EU/mL 
and <5 EU/mL. Concentration of blue dye was 
0.836 mg/mL. The labeling efficiency was between 
80 to 90% in all these experiments. 

Mediastinal Node Targeting as a Function of the 
Injection Sequence and Volume injected 

Image Analysis 

Figure 2 shows the 22-h whole-body scintigraphic 
images depicting ^^"Tc-blue-biotin-liposome acti- 
vity distribution and targeting in mediastinal 
nodes. For each Method A-C, an image is pre- 
sented for the three different injection volumes, 
VI -V3. Figure 2, A and B show the images when 
Method A and Method B were used, respectively. 
Figure 2C shows the control group depicting the 
^^"T'c-blue-biotin-liposome distribution in the 
absence of avidin. As compared with the control 
group, a better retention of ^^"Tc-blue-biotin- 
liposomes in mediastinal nodes was observed with 
either Method A or Method B. The images in 
Figure 2C indicate that ®^"Tc-blue-biotin-lipo- 
somes in the absence of avidin, leave the pleural 
space and move into blood circulation, and then 
are removed from the blood by the spleen and 
liver. A different situation is observed when the 
avidin/biotin-liposome system is used. In the pre- 
sence of avidin, blood and spleen accumulation of 
liposomes is greatly reduced. 

Figure 3 depicts the kinetic behavior of the 
^^^TTc-blue-biotin-liposomes based on the image 
analysis of the different studies. In Figure 3A, 
the percentage of activity detected in the thoracic 
cavity is depicted as a function of time. Indepen- 
dent of the injection volume, when Method A was 
used, the rate of liposome removal was slow (<30% 



JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 93, NO. 10. OCTOBER 2004 



AVIDIN/BIOrm-LIPOSOME SYSTEM 2601 



A VI V2 V3 



B 



c 




Figure 2. Scintigraphic images depicting the 22-h 
activity distribution of ®®"*Tc-blue-biotin-liposomes 
after injection of the avidin/biotin-liposome system in 
the pleural space. For each Method A-C, an image is 
presented for the three different injection volumes, 
V1-V3 with the dose Dl. VI: 0.05 mL of ^^™Tc-biotin- 
liposomes, 0.03 mL of avidin; V2: 0.1 mL of ^™Tc- 
biotin-liposomes, 0.06 mL of avidin; V3: 0.5 mL of 
®®"^c-biotin-liposomes, 0.3 mL of avidin; Dl: 0.5 mg of 
phospholipid (1.73 mg/kg-body) and 0.5 mg of avidin. L, 
liver; s, spleen; and n, mediastinal nodes. 

had left the thoracic region at 12 h) as compared 
with Methods B and C in which between 50 to 75% 
of the ^^"T?c-blue-biotin-liposomes had already 
moved from the thoracic cavity by 12 h. 

This behavior is evident in Figure 3B depicting 
the percentage of activity in spleen. In the ab- 
sence of avidin, ^^"^c-blue-biotin-liposomes moved 
quickly from the pleural space into blood circula- 
tion via the thoracic lymphatics and then into the 
organs of the reticuloendothelial system, princi- 
pally the spleen. By 12 h, liposome accumulation in 
spleen was ~10% for the Method C groups, ~4% 
for the Method B groups, and <2% for Method A 
groups. It is important to mention that during the 
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Figure 3. Image analysis results depicting the 
kinetics of ®^Tc-blue-biotin-liposomes in terms of the 
percentage of activity in (A) thoracic cavity, (B) spleen, 
and (C) mediastinal nodes, after injection in the pleural 
space of the avidin/biotin-liposome system using 
Method A-V1-V3, Method B-V1-V3, and Method 
C-V1-V3 (n = 3-7 animals/group). Same dose Dl 
[0.5 mg of phosphohpid (1.73 mg/kg-body) and 0.5 mg 
of avidin] was used in each case. VI: 0.05 mL of 
^®"Tc-biotin-liposomes, 0,03 mL of avidin; V2: 0.1 mL 
of ^®™Tc-biotin-liposomes, 0.06 mL of avidin; V3: 0.5 mL 
of ^"*Tc-biotin-liposomes, 0.3 mL of avidin; Dl: 0.5 mgof 
phospholipid (1.73 mg/kg-body) and 0.5 mgof avidin. 



first 6 h, minimal activity was detected in spleen 
when Method A was used. Also, during the first 6 h, 
no difference in the kinetics of liposomes between 
Method B and Method C was detected. However, 
after 6 h, liposomes in the Method B groups began 
to move slower. The same situation was observed 
in the thoracic cavity (Fig. 3A). 
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Figure 3C depicts the percentage of activity in 
mediastinal nodes. No results of percentage of 
activity are presented during the first 4 h because 
it is hard to differentiate between activity in the 
nodes and the overla5dng activity in the thoracic 
cavity in the images. At 6 h, nodal accumulation 
was very similar between Methods B and C, but 
after 6 h, it was observed that liposomes injected 
by Method C were just passing through the nodes 
and moving into blood circulation. When avidin 
was injected, either before or after biotin-liposome 
injection, retention of liposomes in nodes was 
evident. At 12 and 22 h, differences in the retention 
of liposomes in nodes between Methods A and B 
were more easily distinguished. The results indi- 
cated Method A > Method B > Method C in terms 
of mediastinal node targeting. Also, injection of 
small volumes (VI and V2) showed the best 
result in terms of mediastinal node targeting by 
Method A. 

Biodistribution Results 

Tables 1 and 2 show the 22-h biodistribution 
results in terms of the percentage of injected dose 
per organ and percentage of injected dose per 
gram of tissue as a function of the injection se- 
quence and the injected volume. From the results, 
it is evident that the avidin/biotin-liposome sys- 
tem, independent of the volume injected in the 
pleural space, reduces entrance of liposomes into 
the blood circulation as compared with the con- 
trol group (Method C) where no avidin was in- 
jected (p<0.05). In terms of mediastinal node 
targeting, the avidin/biotin-liposome system in- 
jected either by Method A or Method B showed 
much better retention in the nodes than the 
control group. 

One-way ANOVA (between the nine groups) for 
mediastinal node accumulation indicated that 
groups A-Vl and A-V2 were statistically different 
(p < 0.05) from the other groups B-Vl to C-V3, but 
not different from A-V3 or between each other. 
Also, an interaction-effect between volume and 
method was found when a two-way ANOVA was 
performed (p = 0.03). A two-way ANOVA post hoc 
test showed that group A-V2 resulted in the best 
targeting of liposomes, as compared with the other 
groups (p < 0.05). For the case of other important 
organs (spleen and kidney), the results showed low 
levels of accumulation when the avidinA)iotin- 
liposome system was used (see Table 1). An im- 
portant result was observed with spleen, where 
independent of the volume injected, Method A 



resulted in the lowest retention of liposomes in 
that organ (p < 0.05). 

Injected Dose Study 
Biodistribution Results 

Table 3 shows the 22-h biodistribution results 
when Method A-V2 was used to evaluate med- 
iastinal node targeting as a function of the dose 
injected. The smallest injected dose, Dl (0.5 mg of 
avidin and 0.5 mg of phospholipid), resulted in 
the best targeting of mediastinal nodes (15.7%; 
p<0.05). No statistical difference in accumula- 
tion of liposomes in blood, spleen, and kidney was 
observed between Dl and D2 (1.0 mg of avidin and 
1.0 mg of phospholipid). For the same organs, D3 
(5.0 mg of avidin and 5.0 mg of phospholipid) 
resulted in the highest accumulation of liposomes 
(p < 0.05). However, no difference in liposome ac- 
cumulation in liver was detected between any of 
the groups. 

Figure 4 shows the ratio of the % ID/g of ^^"'Tc- 
blue-biotin-liposomes in mediastinal nodes and in 
other major organs for the injected doses, D1-D3. 
When dose Dl was injected, 51,500-fold more 
liposomes accumulated in lymph nodes as com- 
pared with blood, >638-fold as compared with 
liver, >608-fold as compared with spleen, and 
>414-fold as compared with kidney. In contrast, 
when dose D2 was injected, 29,300-fold more 
liposomes accumulated in lymph nodes as com- 
pared with blood, > 522-fold as compared with 
Uver, 436-fold as compared with spleen, and 273- 
fold as compared with kidney. In all these cases, . 
Dl ratios were always higher than D2 ratios 
(Fig. 4). It was observed that the larger dose D3 
resulted in the lowest ratio values as compared 
with the other doses with only 1417-fold more 
liposomes in Ijonph nodes compared with blood, 
> 22 1-fold as compared with liver, 37-fold com- 
pared with spleen, and 225-fold compared with 
kidney. 

Blue Dye Delivered in Mediastinal Nodes 

As an example of the potential of the avidin/ 
biotin-liposome system for the delivery of drugs in 
mediastinal nodes, Table 4 shows the amount of 
blue dye delivered by liposomes in mediastinal 
nodes and in other major organs. Using the as- 
sumption that the total amount of blue dye en- 
capsulated in liposomes is proportional to the 
phospholipid dose injected, the amount of blue 
dye transported in liposomes was calculated to 
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Table 3. Effect of Injected Dose of Avidin/Biotin-Liposome System on the Distribution of ^^"^c-Blue 

Biotin-Liposomes at 22 h Post- Injection 



% ID/organ % ID/g 



Organ 


Dl (ii=4) 


D2 (n = 7) 


D3 (n = 3) 


Dl (n = 4) 


D2 (n = 7) 


D3 (n — 3) 


Blood 


0.3 ±0.02 


0.2 ±0.02 


3.0 ±1.23*'^ 


0.01 ±0.001 


0.01 ±0.00 


0.15 ±0.06*** 


xieart 


U.UO dt u.uuo 


A 1 1 A A-l 
U.i ± U.Ui 


A n 1 A AO 

U.Z ± U.Uo 


U.U4 ± U.UI 


A 1 _L A AO 
U.I ± U.UZ 


A O _i_ A AO 

U.z ± U.Uo 


Lung 


0.80 ±0.19 


0.7 ±0.2 


0.7 ±0.03 


0.7 ±0.2 


0.7±0.2 


0.6 ±0.03 


Thymus 


0.3 ±0.02 


0.4 ±0.15 


0.2 ±0.03 


0.7 ±0.04 


1.1 ±0.14 


0.7±0.13 


Mediastinal nodes 


15.7 ±1.39 


8.8 ±1.21^ 


6.9 ±0.42* 


515.3 ±33.4 


277.7 ±40.3 


154.9 ±16.3* 


Liver 


8.8 ±1.24 


6.0 ±1.37 


8.2 ±1.90 


0.8 ±0.1 


0.6 ±0.1 


0,8 ±0.2 


Spleen 


0.7 ±0.07 


0.5 ±0.13 


2.9 ±0.44*'^ 


0.9 ±0.08 


0.8 ±0.2 


4.6 ±1.0*'^ 


Kidney 


2.8 ±0.08 


1.8 ±0.25 


1,5 ±0.20* 


1.3 ±0.07 


1.0 ±0.1 


0.7 ±0.1* 


Diaphragm 


0.7±0.13 


0.7 ±0.23 


0.7±0.12 


0.9±0.2 


1.2±0.41 


1.0 ±0.2 


Pericardium 


11.0 ±1.84 


8.7 ±1.30 


15.7 ±2.59 


124.8 ±4.2 


122.0 ±8.5 


121.2 ±3.8 


Urine 


18.7 ±0.66 


15.1 ±0.99 


14.9 ±2.90 








Feces 


1.6 ±0.61 


2.6 ±0.55 


2.7 ±0.43 








Bowel 


3.6 ±1.0 


2.3 ±0.42 


3.1 ±1.05 









Method A was used for this study. The same volume (V2) of each dose (D1-D3) of avidin and ^^™Tc-blue biotin-Iiposomes was 
injected. Values are the mean ± SEM. Method A: avidin followed 2 h later by ®®°Tc-biotin-liposomes; V2: 0.06 mL avidin, 0. 1 mL ^®™Tc- 
biotin-liposomes; Dl: 0.5 mg avidin, 0.5 mg phosphoUpid; D2: 1.0 mg avidin, 1.0 mg phospholipid; D3: 5.0 mg avidin, 5.0 mg 
phospholipid. 

p < 0.05, one-way ANOVA. Vs. Dl; *Vs. D2. 



be approximately 15 |ig when Dl was injected, 
30 ^ig for D2, and 150 ^ig for 03. Using the values 
of % ID/organ presented in Table 3, it was possible 
to estimate that the amount of blue dye delivered 
to mediastinal nodes by the liposomes was four 
times greater when D3 was used as compared 
with Dl and D2 (Table 4). However, the amount of 
blue dye delivered to other major organs was also 
higher with D3 than with Dl and D2. This can 
clearly be seen in graphic form in Figure 5. This 



a Dl B m ■ o) 




Med tJode/Bbod MeAiwdc/Uw Med nodc/Sfifeca Med iKxk/Ktdpe^ 



Figure 4. Ratio values of the % ID/g of ^^"Tc-blue- 
biotin-liposomes between mediastinal nodes and other 
organs for the iryected doses, D1-D3 (Dl: 0.5 mg of 
phospholipid and 0.5 mg of avidin; D2: 1.0 mg of phos- 
pholipid and 1.0 mgof avidin; D3: 5.0 mg of phospholipid 
and 5.0 mg of avidin). Volume V2 (0. 1 mL of ®®"^c-biotin- 
liposomes, 0.06 mL of avidin) was used in these 
injections (see text for details). 



graph demonstrates that for estimated blue dye 
delivery, Dl has better mediastinal node to blood 
and spleen ratios as compared with D2, and a 
much better ratio as compared with D3. In this 
context, specific targeting to mediastinal nodes 
was much better with Dl, in which the quantity 
of blue dye delivered to nodes was only slightly 
less than with D2 (Table 4). This specific delivery 
can be visually appreciated in Figure 6, where 
mediastinal nodes of rats injected with dose Dl 
have the most prominent ^^'^c activity, whereas 
mediastinal node activity was less prominent in 
the other rats injected with D2 and D3. 



DISCUSSION 

The feasibility to direct therapeutic agents to re- 
gional lymph nodes could have significant ther- 
apeutic potential. Recent efforts for drug delivery 
to the lymphatics have been focused on the use of 
colloidal particles as drug carriers.^ Emulsions, 
liposomes, and nanospheres have been described 
as potential drug carrier systems that can provide 
a considerable reduction of undesirable side re- 
actions of the free drug.^^ Subcutaneous and 
intraperitoneal injection of liposomal drug for- 
mulations have shown promising results for drug 
delivery in lymph nodes and therapeutic proce- 
dures in experimental animals. ^^'^^'^^"^^ Several 
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Table 4. Total Amount (in Micrograms) of Blue Dye Delivered by Liposomes 

in Mediastinal Nodes and Other Important Organs 



Dose (^gVorgan 



Organ 


Dl (n = 4) 


D2 (71 = 7) 


D3(/i = 3) 


Mediastinal nodes 


2.4 ±0.21 


2.6 ±0.36 


10.4 ±0.63 


Blood 


0.05 ±0,003 


0.1±0.01 


4.5 ±1.8 


Liver 


1.3±0.19 


1.8 ±0.41 


12.3 ±2.8 


Spleen 


0.1±0.01 


0.2 ±0.04 


4.4 ±0.66 


Kidney 


0.4 ±0.01 


0.5 ±0.07 


2.3 ±0.30 


Pericardium 


1.7 ±0.23 


2.6 ±0.39 


23.6 ±3.9 



Values are the mean ± SEM, based on the % ID/organ values presented in Table 3. 
Total dose injected: Dl, 15 fig; D2, 30 |ig; D3, 150 ^g. 



liposome-based products have been approved for 
clinical commercial use.^^'^^ 

In the present work, we show the potential of 
another liposomal formulation, the avidin/biotin- 
liposome system, as a carrier system for drug 
delivery to mediastinal nodes using intrapleural 
injection as the pathway of delivery. We already 
have reported the potential of this system for re- 
gional lymph node targeting using subcutaneous 
and intraperitoneal injection. Mediastinal 
nodes are involved as centers of incubation and 
dissemination in several diseases including lung 
cancer, tuberculosis, and anthrax. ^^'^^'^^ Treat- 
ment and control of these diseases are hard to 
accomplish because of the limited access of drugs 
to mediastinal nodes using common pathways 
of drug delivery. Also, the anatomical location of 
mediastinal nodes represents a difficult target for 



external beam irradiation. Drug delivery using 
the avidin/biotin-liposome system injected intra- 
pleurally could solve some of these limitations 
and offers several advantages for the treatment of 
these diseases. Not many attempts have been tried 
using the pleural space as a pathway for drug 
delivery to mediastinal nodes. Intrapleural injec- 
tion of a liposome-entrapped chemotherapeutic 
platinum compound in patients with malignant 
pleural effusions secondary to lung cancer, malig- 
nant pleural mesothelioma, and ovarian cancer 
has been previously described.^® In that work, the 
authors reported several therapeutic advantages 
of the intrapleural technique over intraperitoneal 
and intravenous injections of the same liposomal 



Method A'V2*DJ Melhcxl A* V2-D2 Method A-V2*U3 




a Dl e 02 ■ D3 



Med. ho^c'S^Ibcq Mcdt oodcnCidocy 



Figure 5. Ratio values of the estimated blue dye 
delivery between mediastinal nodes and other organs 
for the injected dose, D1-D3 (Dl: 0.5 mg of phospholipid 

and 0.5 mg of avidin; D2: 1.0 mg of phospholipid and 
1.0 mg of avidin; D3: 5.0 mgof phosphoHpid and 5.0 mgof 
avidin). Volume V2 (0.1 mL of ^^"*Tc-biotin-liposomes, 
0.06 mL of avidin) was used in these injections. 




Figure 6. Scintigraphic images depicting the 22-h 
activity distribution of ®®"Tc-blue-biotin-liposomes 

using Method A injection procedure of the avidin/ 
biotin-liposome system in the pleural space. An image 
of the three different injected doses, D1-D3 (Dl: 0.5 mg 
of phospholipid and 0.6 mg of avidin; D2: 1.0 mg of 
phospholipid and 1.0 mg of avidin; D3: 5.0 mg of phos- 
pholipid and 5.0 mg of avidin) is presented. Volume V2 
(0,1 mL of ®^"^c-biotin-liposomes, 0.06 mL of avidin) 
was used in these injections. L, liver; s, spleen; and n, 
mediastinal nodes. 
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formulation and the free drug. However, no men- 
tion was made about mediastinal node targeting. 

In therapeutic terms, an effective treatment of a 
disease affecting lymph nodes relies on an effective 
delivery of high concentrations of a drug to the 
lymph nodes. The results presented in this work 
(Tables 1 and 2) showed that by 22 h after injection, 
good retention (15,7% ID/organ; 515 % ID/g) of 
liposomes was achieved with the avidin/biotin- 
liposome system when Method A-V2 was used. 
This value was almost 7-fold higher than the tar- 
geting achieved when the system was intraper- 
itoneally injected.^® In the absence of avidin, 
liposomes were minimally retained in the nodes 
(<1,0 % ID/organ; 36% ID/g). This approach is the 
reverse of the sequence used in prior subcutaneous 
and intraperitoneal studies in which avidin was 
injected after the biotin-liposomes.^^'^® In terms of 
the injection sequence and independent of the 
volume injected, Method A results in the best 
targeting (Tables 1 and 2) of mediastinal nodes. 
These results confirmed our original hypothesis 
that an aggregate of liposomes is produced and 
retained in the nodes when avidin is injected some 
time before biotin-liposomes. 

Colloid size is an important determinant for 
lymphatic uptake and lymph node retention when 
subcutaneously injected.^'^'^^ When intraperito- 
neally injected, colloid size does not become 
important within the nanometer size range and 
the only barrier for lymphatic uptake is the size 
limit of the junctions of the lymphatic wall, the 
mesothelial stomata.^ Because few studies have 
been performed using the pleural space for lym- 
phatic targeting, it is not totally clear what role 
colloid size has in lymphatic uptake with this de- 
livery route. In pleural space, mesothelial sto- 
mata, with diameters ranging from 2 to 12 ^m, are 
also the entrance points for lymphatic uptake.^^'""^ 
In the present work, it was found that when a large 
aggregate of liposomes is formed in the pleural 
space it is not easily removed by the lymphatics, 
and only when the aggregate is formed in the 
lymphatics, can retention in Ijmiph nodes be ob- 
served. Hirano and Hunt^^ have reported that 
medium-size liposomes (250-400 nm) show better 
retention in mediastinal nodes after intraperito- 
neal injection, but they also concluded that lipo- 
some stability in vitro and in vivo decreases with 
increasing liposome size. An advantage of the 
avidin/biotin-liposome system injected as describ- 
ed here is that it is possible to use small liposomes 
(100-200 nm), which are very stable for drug 
targeting to mediastinal nodes. In this way, lipo- 



some size would not be an important factor for 
mediastinal node targeting; however, for compar- 
ison, a more detailed study of lymphatic targeting 
using intrapleural injection of different size lipo- 
somes shoiild be pursued. 

Liposome retention in lymph nodes is explained 
by two different ways: by a simple mechanical 
filtration, or through phagocytosis by the reticu- 
loendothelial system cells.^ When the avidin/ 
biotin-liposome system is used, it is possible that 
a combination of both ways of retention take place. 
When avidin is first injected, it moves quickly into 
the l5nnphatic vessels that drain the pleural space 
and some avidin is retsdned into the nodes, pro- 
bably due to either simple pooling in the lymph 
node vasculature or by retention of the positively 
charged avidin^^ on the negatively charged sur- 
face of the lymphatic vessels within the lymph 
node.^^ Then when the biotin-liposomes are in- 
jected 2 h later, they move into the lymphatics and 
an aggregate is created. If some biotin-liposomes 
move into the nodes without interacting with the 
avidin, once in the nodes they can potentially still 
interact with the avidin that is already retained 
there and produce some aggregates within the 
nodes. Once the aggregate is collected in the nodes, 
simple mechanical filtration of these large aggre- 
gates could be the means by which the liposomes 
are retained in the nodes. In this way, when inject- 
ed first and before the biotin-liposomes, avidin 
prevents the biotin-liposomes from gaining fast 
access to the blood circulation. 

When biotin-liposomes are injected first, they 
leave the pleural space and move into the Ijnnpha- 
tics during the first 2 h without showing any 
significant retention into the nodes (Fig. 3). Then, 
when avidin is injected and begins to move into 
the Ijnnphatics, an aggregate is produced with the 
biotin-liposomes that have already moved into 
the lymphatics. Because not all the volume of the 
injected agents is removed from the pleural space 
within 2 h,2^ it appears that some aggregate is still 
produced in the pleural space with both injection 
sequences. These aggregates could result in a 
prolonged targeted sustained depot-like delivery 
of liposomes to the lymphatics. 

In terms of the injected volume, it has been 
reported that an increased volume of fluid injected 
into the pleural space increases the rate of lym- 
phatic drainage, which favors fluid removal from 
pleural space."^^ However, in terms of mediastinal 
node targeting, the results obtained in the present 
work indicated that the volume injected in pleural 
space does not affect the nodal targeting, despite 
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that an interaction-effect between method and 
volume was observed with the two-way ANOVA. 
The more significant effect in terms of the injection 
of a large volume in the pleura was the presence of 
some Uposome aggregates in the pleural space 
observed during the 22-h biodistribution studies. 
This observation was more evident when com- 
pared with the other groups in which less volume 
was injected. Apparently, it is possible that the 
injected volume was so large that it was not totally 
removed from the pleural space after 2 h; in con- 
sequence, when the second agent was injected, 
some large liposome aggregates were produced in 
the pleural space. It is also possible that the injec- 
tion of large volumes of the agents could produce so 
many liposome aggregates that they block the 
l3anphatic channels that drain into the mediast- 
inal nodes, resulting in a decreased uptake into the 
nodes. 

In terms of the dose injected, the results showed 
that a high dose of liposomes injected in the pleural 
space does not result in a high accumulation in 
mediastinal nodes (Table 3). Injection of a small 
dose results in a more specific mediastinal node 
targeting as demonstrated by the ratios of the % 
ID/g in mediastinal nodes and other organs. 
Despite the fact that "drug" (blue dye) delivery in 
mediastinal nodes was higher when a large dose 
was injected (Table 4), the delivery to other organs 
was also high as compared with small-dose injec- 
tion (Fig. 5). These results may have important 
therapeutic significance in terms of decreasing 
drug delivery to healthy tissue in order to avoid 
side effects. 

The present study was performed using normal 
animals. Thus, pharmacokinetics, targeting, and 
drug delivery using intrapleural injection of the 
avidin/biotin-liposome system could change under 
abnormal pathological conditions because lym- 
phatic channels and nodes could be obstructed in 
an advanced disease process.^ Future studies 
should be performed using various disease models 
with nodal involvement to compare the results 
observed in this work. 

The specific targeting of a liposome-encapsu- 
lated drug to mediastinal lymph nodes could result 
in a prolonged targeted sustained depot-like 
delivery of high drug concentrations to these nodes 
while the liposomes are slowly degraded and meta- 
bolized by phagocytic cells located within these 
nodes. Future experiments using intrapleural 
injection of the avidin/biotin-liposome system to 
target drugs to mediastinal nodes should be 
piu-sued. 
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ABSTRACT: A method for delivering drugs to sites of disease extension in mediastinal , 
nodes is dbscribed. Mediastinal node and lymphatic distributions were determined after 
intracavitai^ injection of tlie avidin/tiotin-liposbme system in normal rats. The effect of 
the iiijected^ dose on lymphatic targeting of liposomes after intraperitoneal injection 
of ®^"^c-biue-biotin-liposomes and intrapleural injection of avidin, and vice versa, is 
presented. Scintigraphic imagingVas used to follow the movement of ®®™Tc^ 
liposomes td determine the pharmacokinetics and organ uptake. Tissue biddistributi \ 
studies were performed 22 h after injection of the ^^"Tc-blue-biotin-lipHdsoines. Results - \ 
indicated that independent of the cavity in whichiacha^^ ' | 

of each agent results in higher mediastinal node targeting (8%-l6% ID/Organ) as 
compared with the ij^ection of a 0.5 mg^id^^ ! 
diaphragm and associated lymphatics was observed when ^^"^Tc-blue-biotin-liposomes | 
were injected in peritoneum and avidin in pleural space. In contrast, pleural, and 
pericardial lymphatic targeting was observed when ^-^^^ were ; i 

\, injected in pleural space and avidin in peritorieum. Intracavitary injection of t^ ■ 
{ biotin-liposome system could potentially be used for the delivery of prophylactic drugs I 
that could reduce tumor metastasis and infection spread to mediastinal nodes, © 2005 / 
Wiley-Liss, Inc. and the American Pharmacists Association J Pharm^Sci 94: 1- 18, 2005 . ^ 

Keywords: liposomesi" drug targeting; pharmacokinetics; ' lymphatic transport; ; ' 
scintigraphy; nanoparticles; technetium-99in; avidin-biotin system; pleural space; / 
peritoneum 



INTRODUCTION - 

Drug delivery to the lymph nodes has been 
described as a procedure with great potential for 
the treatment and control of disease processes 
that involve l3anphatic spread into other locations 
of the body.^'^ Infection and tumor spread from 
peritoneal cavity into the thoracic and pleural 
cavities via the lymphatics has been previously 
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described.^"^ This spread is possible because of 
the specialized lymphatic cliannels that drain 
fluid from the peritoneal cavity.^ Peritoneal 
fluid enters lymphatic lacunae located beneath 
the peritoneum of the diaphragm via openings 
betweeh mesothelial cells (stomata) covering the 
surface of the diaphragm. From there, another 
group of collecting lymphatics located beneath the 
pleura covering the diaphragm drain fluid into 
parasternal lymphatics. These lymphatic vessels 
carry the fluid into the superior mediastinal 
nodes, which filter the fluid before entering the 
vascular system via the right lymphatic or the 
thoracic duct.®'^ 
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Under normal conditions, the peritoneum deals 
with a disease process in three ways: (i) direct*" 
absorption of the disease agent into the lymphatics 
and l3miph nodes that filter and destroy the agent 
before it can access the vascular system; (ii) local 
destruction of the disease agent through phagocy- 
tosis by either local macrophages or polymorpho- 
nuclear gr£inulocytes; and (iii) localization of an 
infection in the form of an abscess.^ However, for 
an advanced disease process,_the peritoneum is not 
always able to control the disease and the disease 
spreads into other regions via the l3rmphatics as in 
the case of systeraic sepsis or ovarian and gastric 
cancer, and peritoneal carcinomatosis. 

For the treatment of peritoneal disease pror 
cesses, liposomal formulations of several thera- 
peutic drugs have been used in previous clinical 
and experimental trials with promising therapeu- 
tic resiilts.^"^^ Liposomes flipid nanoparticles) as 
drug c8U"riers, have numerous advantages over 
other carrier systems including: (1) they can 
transport water-soluble or lipid^soluble drugs 
and high-molecular weight substances stiid release 
th6m in a sustaiiieil manner; (2) because the lipids 
used to form the liposomes are natural components 
of the organism, antigenicity, and toxicity pf 
liposomes are very low; (3) biodistribution bf 
liposomes can be controlled in terms of the size 
and lipid composition; (4) antibodies and chemical 
compounds can be attached to the surface of 
liposomes to improve their affinity for specific 
targets; and (5) to reduce clearance of liposomes 
from the bloodstream and their affinity for the 
reticuloendothehal system (RES), liposomes can 
be modified with polyethylene glycol (PEG).^^T^^ 

In th^^present work, we evaluated the potential 
of a previously developed avidin/biotin-liposome 
system for targeting mediastinal nodes and the 
lymphatics that drain the peritoneum arid pleural 
space. This was performed by injecting one 
component^either avidin or biotin-liposoiries, into 
the peritoneal cavity and the corresponding com- 
ponent in the pleural space, and vice versa. Our 
interest was to determine whether this system can 
be used as a delivery system for drugs and 
therapeutic radionuclides as a method to control 
and limit disease spread by producing a signifi- 
cantly greater retention of liposomes in lymphatics 
channels and mediastinal nodes while avoiding 
liposome aggregation in the cavity of injection. In a 
previous work, the potential of this system for drug 
delivery in the peritoneum and associated Ijonph 
nodes by injecting both components in the perito- 
neal cavity was reported. More recently, we have 



shown; the potential of this system for targeting 
niediastmal nodes after inject^^ of Koth compo- 
nents in the pleural space. In the present work, 
we determined that when one component is 
injected in peritoneum and the other component 
is injected in the pleural space, significant differ- 
ences could be observed in terms of liposome 
retention in diaphragm, the collecting lymphatics 
that cover the diaphragm, and the pleural and 
thoracic Ijonphatics. However, no significant dif- 
ferences were observed in terms of mediastinal 
node targeting. It was observed that the injected 
dose of the agents had a significant effect on 
lymphatic targeting and organ biodistribution of 
the liposomes delivered by these intracavitary 
injection routes. These resiilts have important 
significance in terms of the .potential delivery of 
prophylactic drugs in the lyniphatics that could 
reduce or eliminate disseniinating infectious 
agents or tumor cells in the process of invading 
other regions of the body via these lymphatics. 

To perform this study, / scintigraphic images 
were acquired with a gamma camera to non- 
invasively follow the pharmacokinetics and orga- 
nuptake of the avidin/biotin-liposome system. 
/ Liposomes, containing blue dye in their interior 
-X space to emulate the^focess of drug delivery, were 
^labeled with teclinetium-99m (^^">Tc)l The encap- 
sulation of blue dye permitted visualization of 
the lymph nodes and lymphatic channels during 
j \ the Biodistribution studies performed at the 
end of each stu&y at 22 h after injection of the 
®^™Tc-blue-biotin-liposomes. 



MATERI>$LS AND METHODS / / 

Preparation and Characterization 
of Blue-Biotin-Liposomes . ' / 

To follow the pharmacokinetics and organ uptake 
of the avidin/biotin-liposome system with a scinti- 
graphic camera, the biotih-liposomes were labeled 
with 99«^c.^^ Before ^^"^c labeling, reduced 
glutathione (GSH) in PBS, pH 6.3, and patent blue 
dye were encapsulated in the liposomes. The lipid 
composition of Uposomes includes a phospholipid 
with biotin conjugated to the head group region, 

Preparation of Blue-Biotin-Liposomes 

Biotin-coated liposomes were comprised of dis- 
tearoyl phosphatidylcholine (Avanti Polar Lipids, 
Pelham, AL)/cholesterol (Calbiochem, San Diego, 
CA)/iV-biotinoyl distearoyl phosphoethanolamine 
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(Northern Lipids, Vancouver, Canada)/a-toco- 
pherol (Aldrich, Milwaukee, WI) (58:39:1:2 total 
lipid molar percentage). Lipid ingredients were 
codried from chloroform (Fisher Scientific, Fair 
Lawn, NJ) by removing it by rotary evaporation 
and desiccation for 24 h. The dried lipid film was 
rehydrated with 300 mM sucrose (Sigma, St. 
Louis, MO) in sterile water (at a total lipid 
concentration of 120 |imol/mL), warmed to 55°C, 
and then lyophilized overnight. The dried lipid- 
sucrose mixture was rehydrated with 200 mM 
GSH (Sigma) in Dulbecco's phosphate buffered 
saline (PBS) (pH 6^3) and 10 mg/mL patent 
blue dye (CI 42045; Sigma). Before extrusion, 
the lipid suspension was diluted to 40 ^mol/mL 
with 100 mM i CJSH in PBS containing 150 mM 
sucrose and lO mg/mL patent blue dye and then 
extruded through a series of polycarbonate filters / 
(Lipex Extruder, Vancouver, Canada) (2 |im, two/ 
passes; 400 hm, two passes; 100 nm, five passes) 
at 55°C tp form unilamellar liposomes. Unencap- 
sidated drSH, Blue dye, and sucrose were then) 
removed by repeated washings and ultrac^hti-ifii- 
gation at 41000 rpm for 50 min (Ti 50,2 jrotor; 
Beckman, FuUerton, CA). Liposomal pellets 
were reSuspended in PBS containing 300 riiM 
sucrose- {|iH 6,3) to a total lipid concentration of 
60 ^mdl/mL and stored at 4''C'until needed. ' 

CharacthrizBtion of Liposomes /'] 

Liposomes were tested for^ liposomal size' by 1 
determining the diameter and polydispersity index i 
(PI) using particle size analj^er (Brobkhaven \ 
Instruments, Holtsville, NY). The PL measures \ 
the homogeneity of the liposome sample with ; 
regard to diameter. A value of 0.6 determines a 1 
completely hoinogeneous sample while a value of I 
1.0 determines a^completely heterogeneous sample. ] 
Liposomes were ^so tested Cor phospholipid bon- ; 
tent by Stewart assay;^^ biotin-phospihoUpid con- 
tent by 2-(4'-hy<p6xjrazobenzene) benzoic \acid 
(HABA) assay (Pi^c», Rodrfbrd, IL); GSHxontent ^ 
by BIOXYTECH GSHIoO assay (R&D Systems, 
MinneapoUs, MN); blue dye concentration by 
spectrophotometry; and steriihty arid endotoxin^ 

levels. Results represent the average" of three~to 

four trials for each test. GSH, blue dye, and biotin- 
phospholipid were released from liposomes by 
detergent solubilization before performing assays. 

Liposome Solubilization 

To solubilize liposomes, 100 \xL of the blue-biotin- 
Uposomes was mixed with 100 \xL of 10% (w/v) n- 



octyl-P-D-glucopyranoside (OBG) (Sigpa) in PBS, 
pH 6.3; and'^ihcubated for 30 miri at 3TC, 

Biotin Determination 

(i) Prior to determination of the biotin con- 
tent the HABA-avidin reagent was pre- 
pared. HABA (10 mM in 10 mM NaOH) 

. was prepared by adding 24.4 mg of HABA 
to 9.9 mL of PBS (pH 6.3) and 0.1 mL 
NaOH (1 M).. Then, the HABA solution 
was mixed with 10 mg avidin (Sigma) to 
form the HABA-avidin reagent. This 

^ reagent was stored at 4\C for up to 2 weeks 
until used. 

/ (ii) A 200 nL aliquot of OBG solubilized 
liposomes were mixed with 900 jiL ice-cold 
solution of HABA- avidiri reagent and 

^ centrifuged at 13000 rpm for 10 min at 

^ _ , room temperature. After centrifugation, 
i the supernatant was separated from the 

f / pellet and stored at 4''C until used and the 
pellet was discard^, 
(iii) A 1.0 mL aliquot: the supernatant was 
used to determine the amount of biotin 
by monitoring aitjisprbance differences of 

^'v HABA-avidin reiEigiBnt in the presence and 
\^ absence of biotin-phospholipid using spec- 
^ trophotometry at 500 nm. When biotin is 
present, tHe absorption is decreased in 

' \ proportion to' the amount of biotin^^ 
because the biotin displaces the HABA 
dye due to /its higher affinity for avidin. 
The amduht of biotin present in the 
sample was calculated from a- modified 
method ising the formula ; proposed by 
Green:^! 

i 

Biotin (mM) = ^^ ^''^^^ 

where Ai is the absorb'ance of the standard 
HABA- avidin reagent; A2 is the absorbance 
of the supernatant containing avidin-bio- 
tin-phosphoHpid; and Of is a correction 
factor for HABA dilution and changes in 
absorbance because of the presence of OBG. 
Previous pilot experiments revealed that 
OBG does not affect the absorbance signal 
and since the dilution of HABA was mini- 
mal, Cf = 1.0 was used. It was found that the 
presence of blue dye did not interfere with 
the measurement of biotin because the 
blue dye absorbance peak is observed at 
637 nm.22 
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GSH and Blue Dye Determination 

The same 1 mL-aliquot of supernatant used to 
measure the biotin content also was used to 
determine GSH and blue dye concentration. 
GSH was separated from blue dye, HABA, and 
OBG by using a D-salt Polyacrylamide 1800 
Desalting Gel column (Pierce). One milliliter of 
the supernatant was loaded on the D-salt column 
and eluted with PBS (pH 6.3). Twenty-two 0.5 mL 
fractions were collected from the column in plastic 
cuvettes. All fractions were checked by visual 
inspection, spectrophotometry at 500 and 637 nm, 
and assayed using BIOXYTECH GSH-400 kit. By 
measuring GSH content in fractions 1-10 indivi- 
dually, we determined that GSH elutes primarily 
in fractions 5-8. Fractions 5-8 were used /to 
calculate the total amount of GSH content in 
liposomes. Blue dye concentration was calculated 
spectrophotometrically at 637 nm using fractions 
11--:22V which CO be visualized due to 

blue color. From a calibration curve of standard 
blue dye solution (6\0-5.0 mg/mL), the amount of 
dye in each fraction was calculated and the total 
amount of dye Was determined by suiinming 
these values. As mentioned above, we found that 
the presence of HABA and OBG did not affect tjie 
measiirement of blue cjlye concentration. 

liposomes were 120 nm (0.024 PI) in diameter 
and contained 37.5 riimGl/L of phospholipid and 
2.1 nimol/L GSH. Concentration of blue dye was 
0.84 rag/mL. No growth of ba6|beria- was detected 
and the endotoxin level was >25 arid <250 EU/mL. 

Liposome Labeling Procedure 

Labeling of blue-biotin-liposomes with ^^"T^c was 
performed as described before.^® Briefly, a com- 
mercial kit of lipophilic chelator, hexamethyl- 
propylerieamine oxime (HMPAO, Ceretec, GE 
Healthcgu:^, Arlington Heights, XL), was reconsti- 
tuted with either 5 mL of saline cohtaihing 
555 MBq (15 inCi) or 2.5 mL containing 
2775 MBq (75 rnCij of ^^"™Tc-pertechnetate (GE 
Healthcare Radiopharmacy, San Antonio, TX) 
depending on the final specific activity of the 
liposomes needed when small volume injections 
were used. An aliquot of ^^'^Tc-HMPAO was added 
to a concentrated suspension of blue-biotin-lipo- 
somes (1:1 ratio) encapsulating GSH and incu- 
bated at room temperature for 30 min. Free label 
was removed from the liposomes by passage over 
Sephadex G-25 column (Amersham Pharmacia 
Biotech, Uppsala, Sweden). Labeling efficiencies 
were checked by determining the ®^"T^c activity 



before and after column separation of f ^^crblue- 
biotin-Kposomes'using'allose calibrator (Mark 5: 
Radix, Houston, TX). The labeling efficiency in all 
the experiments was between 75% and 85%, 

Animal Studies 

Normal male Sprague-Dawley rats (0.25- 

0.35 kg) were used in these experiments. All the 
experiments were performed under the National 
Institutes of Health Animal Use and Care Guide- 
lines and approyed by the University of Texas 
Health Science Center at San Antonio animal use 
committee. Before performing any imaging pro- 
cedures and euthanasia, the animals were 
anesthetized by inhalation with Isoflurane-USP 
^ (VEDCO, Inc., St. Joseph, MO) using an anesthe- 
. sia inhalation machine (Backford, Inc., Wales 
Center, NY) (2.5 L/min oxygen at 147 PSIA; 3% 
Isoflurane). . . ^ 

■ •/■ \ •■ •■ ■■ ■■ \ 

Intraperitoneal Injections (!R) 

The abdominal region of the rat wasi shaved and 
the injection was performed iui the lower left 
quadrant of the abdomen using a 20[G 1.25 inch 

\ angiocatheter (Becton Dickinson, | Sandy, UT) . To 
.confirm penetration, ,6.5 mL of saline was injected 
through angiocatheter and aspirated to confirm 
that neither the urinary bladder, intestine nor 

j blood vessel had been entered. If the catheter was 

^ correctly placed; then the syringe Iwith either 
a^din or -^c-blue-biotin4iposonies/was fitted to 

\ the catheter ^nd the volume was injected. 

Intrapleuiasd^lnjections (Plea) 

Injections in the pleural space were performed 
using the following techniques Under anesthesia, 
rats were shaved in the lateral left chest. An 
incision of approximately 8 mm was made 
through the skin, then the fascia was dissected 
away and a small incision was made through the 
external obhque muscle layer, the latissimus 
dorsi and the serratus layers. Using fine scissors, 
a nick was made in the intercostal layers. The 
intercostal layers were punctured using a flat 
tipped (19 G) needle stub (^^4.5 mm in length). To 
confirm penetration and to prevent damage to the 
underlying lungs, a 1 mL tuberculin S3n:inge was 
fitted to the 19-G luer hub and 0.1 mL of air was 
injected into the pleural space. When successfully 
placed, the air will enter the pleural space with- 
out resistance. If resistance was encountered, the 
19-G stub was removed and reintroduced again. 
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The material was then injected using a flat tipped 
23-G needle stub (^^20 mm in length) inserted 
through the 19 G stub. 

Study Design 

Eight groups of rats, four experimental and four 
control (3-5/gp), were used in two methods of 
injection to evaluate mediastinal node targeting 
and organ biodistribution (Fig. 1). In each method 
two different doses (0.5 and 5.0 mg) were studied 
and the mg dose of avidiix knd phosphoUpid were 
equal in each group stiMied. 

1. IP/Pleu Method: ^®'™rc-blueTb|ptin4iposomes 
were injected IP and avidih was injected 
intrapletiraUy. Experimental groups are 
denoted ^IP/Pleu(0.5) and IP/Pleu(5.0), and 
corresponding control groups are denoted IP/: 
Pleu(0.5)c and IP/Pleu(5.0)c. , 

2. Pleu-IP Method: ®^'^c-blue-biotin-liposomes 
were injected intrapleurally and ayidin was 
injected IP. Experimental groups are denoted 
as Pleu/IP(0.5) and Pleu/IP(5.0), and corre- 



sponding control gr oup»s are denoted as Pleii/ 
IP(d:5)caha^PleWff ' ' ' ' " 

To obtain the 0.5 mg dose of liposomes, an 
aliquot of the original stock of liposomes was 
diluted in PBS (pH 6.3) and adjusted to get the 
required dose. The 5.0 mg dose was obtained by 
concentrating an aliquot of the stock liposomes 
to the required dose by ultracentrifugation. 
These doses and the volume injected for either IP 
or Pleu method w^re empirically determined 
from previous expeiiments.^^*^^ It was observed 
that for IP injections, tie volume injected could 
affect the rate of fluid removal from peritoneum, 
but for intrapleural injection^, the volume in- 
jected does not significantly &ff(|ct the rate of 
lymphatic absorption and mediastinal node tar- 
geting from pleural space. For this reason, a 
constant volume of 1.0 mL, plus the 0;5 mL used 
to verify- catheter location, was used during IP 
injections. From previous studies, we determined 
tHat ^ihe volume of 0.3 or 0i03 mL injected in 
pleursd-space of normal rats results in the same 
rate of fluid removal. > / • 
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For control groups saline was injected instead of avidin (using same volumes). 



From previous studies we determined that a volume of 0.3 or 0.03 ml injected in pleural space of normal rats 



results in the same rate of fluid removal. 



Figure 1. Experimental design for the intracavitary injection of the avidin/biotin- 
liposome system where one component was injected intraperitoneally (IP) and the 
other component was injected intrapleurally (Pleu) and vice versa. The components 
were tested at two different doses (0.5 or 5.0 mg). For clarification, the first route 
specified in the IP/Pleu or Pleu/IP nomenclature is the ®®™Tc-blue-biotin-liposomes 
and the second is the avidin. 
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IP'Pleu Method 

Two experimental groups (IP/Pleu(0.5), IP/ 
Pleu(5.0)) were used to perform this study. For 
the first group, a 0.5 mg dose of ^^"Tc-blue-biotin- 
liposomes (1.67 mg of phospholipid/kg-body wt, 
13 MBq) diluted in 1.0 mL saline was injected in 
the peritoneum and the same dose of avidin 
(0.5 mg) diluted in 0.03 mL saline was injected 
in the pleural space. For the second groUp, a 
5.0 mg dose of the concentrated^^"*Tc-blue-biotin- 
liposomes (16.7 mg of phdspholipid/kg-body wt, 
12 MBq) diluted iivl.O mL saline was injected IP, 
and the same dose of avidin diluted in 0.3 mL was 
injected in pleural space. A control group denoted 
as IP/Pleu(0.5)c and IP/Pleu(5.0)c was performed 
for each group using the same doses of ^^"Tc-blue- 
biotin-liposbmes, but saline (0.03 or 0.3 mL) was 
injected^iiihstead of avidin. 

PleU'lP/MetKod ; 

For first group Pleu/IP(0,5), a 0.5 mg dosje of 
^^"*Tc-blue-biotin-liposomes (1.67 mg of phospho- 
lipid/kg-body wt, 7 MBq) diluted in 0.03 mL saline 
was iiyected in pleural space and the sam^ dose 
(0.5 mg) of avidin diluted in 1.0 mL saline wlis 
injected IP. For flie second dose group, Pleli/ 
IP(5.0), a 5.0 mg dose of ^^"Tc-blue-biotin-lipo- 
soir^s (16.7 mg of phqspholipid/kg-body wt, 29 
MBq) diluted in 0.3 mL saline was 4iij(ected iin 
pleural space and 5.0 mg avidin diluted in 1.0 mL 
saline was injected in peritoheum, E^br control 
groups^ (Pleu/IP(0.5)c and vPleu/IP(5^0)c), eKpMi- 
ments were performed in a similar manner except 
saline \yas injected instead of avidin. 

Image Acquisition 

Static scintigraphic images were aqquired in a 
128x128 Word Image Matrix vrith a 'zoom 6^^ 
1.45 X using a Picker SX-300 gamma/ camera 
(Cleveland, OH) interfaced to a Meda3ys(Pixmacle 
computer (Miaitni, PL). Images for tKe^^Tc^lufi- 
biotin-liposomes were acquired in the ^®™Tc 
window (140 keVx 20%) using a Low Energy 
High Resolution collimator.. 

Biodistributions 

Biodistribution studies were performed 22 h after 
®®"T?c-blue-biotin-liposome injection. After ima- 
ging, the anesthetized animals were euthanized 
by cervical dislocation, and tissues were har- 
vested, weighed, and counted for radioactivity 
(Auto-Gamma 5000 Series, Packard Instruments, 



Downers iSrpv^, ilL). The percentage of injected 
dose (%ID) per organ and per^gram of tfssiie was 
calculated by comparison with a standard aliquot 
of the radioactive material used. 

Image Analysis 

Regions of interest (ROD were drawn aroimd the 
mediastinal nodes and selected organs on the 
images using Osiris Imaging Software (Version 
3,1,^ University Hospital of Geneva, (Jeneva, 
Switzerland). A>b0x was drawn aroimd the entire 
body in the baseline image to determine the 
number of counts injected into the body (Aq). 
The % of activity at some specific time t (%A(t)) 
accumulated in the ROF was calculated as the 
ratio of the counts in the ROIs(Aroi(^)) and the 
total number of counts detected in the whole body 
at baseline (Aq), multiplied by .100 {% A{t) = 

^ -ARoi(rt/Ao X 100). Counts associated with the 
„„ RQrs /were corrected for radioactive decay 

f ^(referred to the iryectton time), the image acquisi- 
tion time, and for backgirotind activity when the 
image acquisition time v^ks longer than 15 min. 

lx Statistical Analysis' / i ii: | 

Values are reported' as mean ± SEM. Statistical 
analysis was performed using one-way analysis of 
variance (ANCWS) to compare the % of injected 
; dose per organ (%ID/organ) and %ID/g in the 
mediastinal nodes and other organs jusing SPSS 
' Base 10:0 software (SPSS, Inc., Chieaigo, IL). Rats 
were\eGnsidered nested between method-dose 
groups/ Differences in %ID/orgari arid %ID/g were 
statistically compared using betiveen-groups mul- 
I tiple comparisons. When necessary, comparisons 
i among means were Bonferrdni^ adjusted. A log 
! transformation was applied tO/ the data to better 
satisfy the assumptions uri4^rl3^ng the anedysis. 
Means and standard errbtis' were computed from 
untransformed data aiid>statements of statistical 
significance were based on transformed data, 
p < 0.05 was de&ned as an acceptable probability 
for a significant difference between means. 

RESULTS 

Image Analysis and Pharmacokinetics 

Figure 2 shows the 22 h scintigraphic images for 
experimental and control groups for each method 
of study: ^^"Tc-blue-biotin-liposomes injected IP 
and avidin injected in pleural space (IP/Pleu) and 
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IP/Pleu(5.0) Pleu/IP(0.5) Pleu/IP(5.0) ! ' 




Control 




Figure 2.' Scintigraphic images of irats at 22 h; depicting mediastinal node 
accumulation and organ distribution after injection in either peritoneal (IP) or pleural 
space (Pleu) (of ^^"^c-blue-biotinT-liposomes alone (Control) or following injection of 
avidin in the corresponding cavitys(Exp). Images depict accumulation of the^^^Tc- 
blue-biotin4ipd!Spmes in the mediastinal nodes (n), diaphragm (d), liver^(L), lymphatic 
channels (Ic), arid spleen (s). / ^ y • / 



\ 



vice vers8tXPleu/IP). The results show that when 
no avidin is injected, liposomes leave the injection ? 
site (either pleural space or abdominal cavity), ; 
move into Blood circulation and eventually collect • 
in spleen and liver with minimal accumulation in i 
mediastinal nodes or collecting Ijmiphatics. How- ' 
ever, when avidin is injected, accumulation in \ 
mediastiri^ nodes, diaphragm, and collecting, 
lymphatics in the pleura that cover the dia- ^ 
phragm is observed. / 

In referenceiio the injected dose, it w^s observed 
that when the 0.5 ihg dose was used in either IP/ 
Pleu or Pleu/IP method, accumulation of liposomes 
in mediastinal nodes and pleural lymphatics was 
minimal as compared vidtK the other two groups 
when the 5 . 0 mg dose was used. Also, except for the 
accumulation in mediastinal nodes, no significant 
differences between the experimental groups 
injected with the 0.5 mg dose and the control 
groups were detected in terms of liposome dis- 
tribution in blood circulation, spleen, and liver. 
The image results clearly show a higher accumula- 
tion in mediastinal nodes, associated lymphatics, 
and less uptake in liver and spleen when the 5.0 mg 
dose is injected. 



In ternis of the me>thod of injection, Figure 3 
shows scintigraphic images of the same rat 
acquired at several time points for comparison of 
the pharmacokinetics of the ^^"Tc-fblue-biotin- 
liposomes when the avidin/biotin-liposome system 
is used with rnethods IP/Pleu and Pleu/IP at 
the 5.0 mg dose. No significant differences were 
observed in terms of mediastinal node targeting, 
and the more significant differences Between both 
methods were related with the pharmacokinetics 
and the lymphatic distribution of the liposomes. 
When IP/Pleu method is used- liposomes move 
quickly from abdominal cavity into diaphragmatic 
lymphatics, the parasternal lymphatics in chest 
wall, and mediastinal nodes. When the Pleu/IP 
method is used, in the early images it is hard to 
differentiate Between accumulation in mediast- 
inal nodes and the pleural l3miphatics because of 
the overlying activity in the thoracic cavity in the 
images, but in the late images it was observed 
that intrapleural biotin-liposomes drain into the 
pleural lymphatics that cover the diaphragm, 
thoracic lymphatics and mediastinal nodes. 

For both injection methods using the 5.0 
mg dose, good retention of liposomes in the 
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Oh 



2h 



6h 12h 



22 h 



IP/Pleu(5.0) 




IP- 




Pleu/IP(5.0) 



Figure 3.\ Scintigraphic images of rats acquired at various times after IP or 
intrapleural injection of ®^"^c-blue-biotin-iiposomes and avidin usingthe IP/Pleu(5.6) 
and Pleu/IP(5^0) methods of injection. Image? depict the pharmacokinetics and orgin 
distril>i|tion of the ^®*"Tc-blue-bi6tin4iposome the mediastinal nodes (n), lymphatic 



channels (lc)j liver (L) and spfeen (s)! 



mediastinal nodes and reduced accumulation of 
liposonaes in blood circulation, liver, and spleen 
after 22 h was evident. WKen injected IP, ^^TTc- 
blue-blotin-liposomes moved rapidly from I the 
abdominal cavity and into the thoracic lymphatics 
where tliey aggregated in the presence of jthe 
intrapl^urally injected avidin. When injected in 
the pleural space biotin-liposomes were removed 
more slowly the thoracic cavity because they 
were trapped kfter their interaction with the IP 
injected avidin that had moved quicklynnto the 
thoracic Ijanphattics. v ' - ' 

Figure 4 depicts the pharmacokinetic results of 
the ^^"^c-blue-biotin-liposonies in terms of _the 
activity detected in mediastinal nodes, cavity of 
injection, spleen, and diaphragmatic lymphatics 
at different times by comparing method of injec- 
tion and dose injected for each experimental group. 
Independent of the injected dose, movement of 
®^"Tc-blue-biotin-liposomes into mediastinal 
nodes was faster with IP/Pleu method than Pleu/ 
IP method (Fig. 4A). However after 12 h, the 
mediastinal node retention is approximately two- 



fold higher when 5.0 mg dose wasJused than when 
0.5 mg dose ^yias used independejit of either IP/ 
Pleu or Pleia/IP method. 

Figiir^e 4B describes the kinetics of the ^^"^c- 
blue-biotin-liposomes leaving the cavity in which 
they were injected. The results indicate that 
liposomes injected in peritoneiiihf IP/Pleu method) 
are cleared rapidly from the cavity via the 
peritoneal Ijonphatics in^ the diaphragm. Two 
hours after injection, aroiiiid 25% of the injected 
liposomes already have left the peritoneum, and 
after 12 h around 75% have cleared. The same 
behavior was observed with Pleu/IP(0.5) method. 
It seems likely that this small dose of avidin and 
biotin-liposomes injected by Pleu/IP method did 
not produce a significant aggregation of liposomes 
that could be retained in the nodes and l3miphatics, 
and that the biotin-liposomes are just passing 
through the nodes and moving into blood circula- 
tion. In contrast, when the 5.0 mg dose of liposomes 
is injected intrapleurally, better retention of 
liposomes in the thoracic cavity was observed. 
Around 10% of the biotin-liposomes have left the 
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Figipe 4« Jmage analysis resilH?} describing th^ of ^-™Tc-blue- 

biotih^liposomes in (A) niediastiiial nodes, CB) injection cavity, (C) spleen, and (D) 
diaphragmatic lymphatics for experimental groups where ^^"*Tc-blue-biotin-lipo- 
somes were injected either IP or intrapleurally (Pleu) and avidin was injected in the 
corresponding csLvity. ) _ 



thoracic cavity after 2 h, and around 25% afterl2 h. 
It appeips that when avidin is injected in.perito- , 
neum, it moves very fast into mediastinal nodes 
and pleural lymphatics preventing the biotin- [ 
liposomes injected intrapleurally from gaining 
fast access to the blood circulation. 

Figure 4C describes the activity detected in 
spleen at several time points. The analysis indi- 
cated that; the 0.5 mg dose, injected either IP/Pleu 
or Pleu/IP r^siilts in a fast accumulation of ^®"™Tc- 
blue-biotin-liposomes by spleen, around 7% after 
6 h, and around 10% after 12 h. In contrast, when 
the 5.0 mg dose is used, accumulation of ®®"^c- 
blue-biotin-liposomes in spleen was reduced. It 
was not possible to follow the pharmacokinetics of 
the biotin-liposomes in liVet because it was not 
easy to differentiate with detail its-shape in the 
images. 

Figure 4D describes the accumulation of ^^"Tc- 
blue-biptin-liposomes in the diaphragm and the 
collecting lymphatics located at the pleura that 
covers the diaphragm, when biotin-liposomes are 
injected IP. When the 0.5 mg dose is injected, the 
biotin-liposomes pass through the diaphragmatic 
lymphatics, <5% accumulation at any time. But 
when the larger 5.0 mg dose is used, more liposome 



aggregation is produced increasing th^ retention 
of the liposomes in those lymphatic channels, 5% 
after 2 h ^d 25% aftier 12 h. L 



Biodistribution Results / 

Table 1 shows the 22 h biodistribution results for 
Experimental arid control groups in terms of the % 
injected dose per organ (%ID/organ;^. In terms of 
the injected dose, it was observed that indepen- 
dent of the method of injection, the 5.0 mg dose 
results in high-mediastinal node targeting and 
better organ distribution as compared with the 
injection of the 0.5 mg dose. Higher accumulation 
of liposomes was observed in mediastinal nodes 
with methods IP/Pleu(5:0) and Pleu/IP(5,0), but 
only IP/Pleu(5.Q) method was significantly differ- 
ent (p< 0.05) from methods where the 0.5 mg 
dose was injected. Mediastinal node accum- 
ulation of liposomes in control groups was lower 
than accumulation in experimental groups 
(p<0,05), showing the potential of the avidin/ 
biotin-liposome system in mediastinal node 
targeting as compared with the injection of 
biotin-liposomes alone. For blood, accumulation 
of ^®"Tc-blue-biotin-liposomes was significantly 
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lower (p < 0.05) when the 5.0 mg dose was injected 
either by IP/Pleu or Ple\a/IP method, but no " 
difference was observed between these injection 
methods. For Uver, no difference was observed 
between any of the groups and the average %ID 
was 16.9. For spleen, liposome accumulation in 
groups IP/Pleu(5.0) and Pleu/IP(5.0) was signifi- 
cantly lower (%ID < 5%) from the other groups 
(%ID > 12%) (p < 0.05). Similar situation was 
observed for kidney, experimental groups injected 
with 5.0 mg dose showed the lower accumulation 
of liposomes (%ID < 2.6%) as compared with the 
experimental groups injected with the 0.5 mg dose 
(%ID>5%). For diaphragm, group IP/Pleu(5.0) 
showed the highest accumulation of . liposomes 
(%ID 17.9%) as compared with all the other 
groups (average %ID was 0.7) (p < 0.05), 

From thesjB results, a trend was observed 
indicating that the 5.0 mg dose, injected either by. 
IP/Pleu or Pleu/IP method, results in the best 
injected dose, as compared with the 0.5 mg dose in 
terms of mediastinal node targeting and organi 
biodistribution. 

Table 2 shows the biodistribution results for 
experimental and control ^oups at 22 h, in terms 
of the %ID per gram1(%II!)/g). These results also 
show the isame trend of higher mediastinal node, 
diaphragmatic and pericardiaK lymphatic target- 
ing and lower acciunulatipn 6f liposomes in other 
organs: when the 5.0 mg dose is injected, usin^ 
either IP/Pleu or Pleu/IP method; For example, low 
accumiilation of liposomes is observed in spleen 
(p < 0.05) when the 5.0 mg dose is used. 

Related to the method of injection, the more 
significant difference was observed in terms of the 
organ distribution and l5anphatic targeting. High 
accumulation of liposomes in diaphragm (19.2%/g) 
with method IP/Pleu(5.0), and in pericardium i 
(86.6%/g) with method Pleu/IP(5.0) was obseiyed. : 
No significant difference was observed in terms of/ 
mediastinal node targeting. \ 

Figure 5 show's Jthe ratio of the %ID/g of the , 
^^'"Tc-blue-biotin-liposoiiies in mediastinal nodes ' 
and in other major organs for the experimental 
groups. When method Pleu/IP(5.0) was used, 
around 7700-fold more liposomes accumulated in 
mediastinal nodes than in blood; around 80-f61d 
as compared to spleen; and over 200-fold as 
compared to kidney. For kidney, no difference 
was observed when the 5.0 mg dose was used 
either by IP/Pleu or Pleu/IP method. However, a 
significant difference was observed in liver when 
comparing method IP/Pleu(5.0) versus Pleu/ 
IP(5.0) (234- vs. 84-fold). 



Blue Dye Delivery i 

Table 3 shows the amount of blue dye delivered 
per organ and per gram-tissue by liposomes in 
mediastinal nodes and other organs. The values 
presented in Table 3 were calculated from the 
%ID/organ and %ID/g presented in Tables 1 and 2 
and the total amount of phospholipid and blue dye 
measured in the blue-biotin-liposomes. We found 
that the amount of blue dye encapsulated in 
liposomes is proportional to the amount of 
phospholipid injectedMn this way, the amount of 
blue dye injected for the 0.5 mg dose was 
calculated to be 15 |ig and for the 5.0 mg was 
150 jig. Results indicated that when larger 5.0 mg 
dose is injected either by IP/Pleu or Pleu/IP 
method, mediastinal node accumulation of blue 
dye is at least 20-fold higher as compared with the 
0.5 mg dose. However, accumulation in other 
important organs was also high. \ n 

/Cpmpariifg injection^ methods, vPlieu/IP(5.0) 
sho^yed lower deposition of blue dye in blood and 
spleen than method IP/Pleu(5.0). It is important to 
mention that when blue-biotin-liposonies are IP 
injected, high levels of accumulation were 
ol^served in diaphragni and the associated lym- 
phatics. When intrapleui'aily injected^ accumula- 
tion, of blue-biotin-Upospmes was observed in 
pericardium and pleural' l3Tnphatics (Fig. 6). 
\ ■ ;■:/ ■ i 

DISCUSSION 

There are several diseases involving the lympha- 
tic system during the early stages of disease 
progression;. For example, infections associated 
with fungal,^ S'acterial, and viral agents are 
commonly found in lymph nodes.^^^s cancer 
processes, carcinomas, melanomas, and synovial 
sarcomas metastasize using the lymphatics by 
invading lymph nodes that often harbor residual 
iumor cells that can cause tumor recurrence 
even after the treatment of the primary tumor. 
For these reasons, an efficient therapy for dis- 
eases affecting the lymphatics should rely on 
the availability -of "drugs retained by lymph 
nodes.2'26'27 

Tumors and infections involving body cavities 
such as abdominal and thoracic cavities often 
spread by lymphatic disseminations leading to 
their residence in regional and distant l5miph 
nodes, such as mediastinal lymph nodes.'^"^'^'*'^® In 
the present work, our interest was to show that 
intracavitary injection (intraperitoneal and intra- 
pleural) of the avidin/biotin-liposome system could 
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Figure 5;, This figure depicts the preferential accumulation of ^^™Tc-biue^bi6tin- 
liposome aggregate in mediaistihal nodes as compared Vith other msgor ofjgans/ The 
inset shows a close up of the ratio results for liver, spleen and kidney that .are difficult 
to observe in the large graph. Ratio vgilues w0re calculated using the %ID/g tissue 
values from Table 2. \ : ' / 



potentially be used to deliver therapeutic and 
prophylactic drugs to the lymphatics that drain 
these cavities. Using intraeavitary injection meth- 
ods, we showed that not pnly mediastinal node 
targetiiig can be accomplisHed, but also targeting 
of important diaphragmatic and pleural lyiripha- 
tics can be observed. / 

The injection technique described in th^ present 
work was planned to produce a liposome! aggregate 
mainly in tile lymphatic channels tliat drain the 
cavities and in mediastinal nodes. The initial 
hypothesis was that the injection of avidin in 
peritoneum andbiotin-liposomes in pleural space, 
and vice versa, could produce a moire effective 
retention of liposomes in lymphatics chaiihel^'and 
mediastinal nodes avoiding liposome aggregation 
in the cavity of injection. In previous biodistribu- 
tion studies, ^^'^^'^^ we observed that when injec- 
tion of both agents was made in the same cavity, a 
liposome aggregate still was found trapped in the 
cavity of injection even after 22 h, regardless of 
whether the agents were injected at different 
times. Movement of liposomes from the injection 
site could be beneficial during adjuvant therapeu- 
tic treatments in terms of reducing toxic side 
effects of the therapeutic drug transported by 
liposomes and increasing accumulation of the 
therapeutic agent in the target site. 



The results presented in this work indicated 
that the method of iritracavitary injection used (IP/ 
Pleu or Pleu/IP) does not play an important role in 
terms of mediastinal node targeting. The impor- 
tance of the method of injection was more sig- 
nificant in terms of the lymphatic distribution and 
pharmacokinetics of the liposomes (see "Results"). 

It was found / that when the avidin/biotin- 
liposome system was intracavitary injected as 
described in' the present work, the most re- 
levant factor affecting the ultimate targeting of 
mediastinal lymph nodes was the dose injected 
(Fig. 4A). When the IP/Pleu(5.0) niethod was used, 
high levels of ^^'"Tc-blue-biotin-liposomes were 
observed and detected in /the diaphragm, the 
collecting Ijonphatics in the pleura that cover 
the diaphragm, the parasternal lymphatic chan- 
nels in the sternum iand mediastinal nodes (Tabs. 1 
and 2; Figs. 3D and 6). When the IP/Pleu(0.5) 
method was used, liposomes moved quickly into 
blood circulation and spleen (Figs. 2 and 3C), and 
retention of liposomes in the lymphatics and 
mediastinal nodes was much lower (Tabs. 1 and 2). 

These results have significant value in terms of 
targeting prophylactic drugs to the lymphatics 
that drain the abdominal cavity and could be 
useful in the prevention of dissemination of 
peritoneal diseases. As previously described, the 
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lymphatics in thie diaphragm play an important 
role in" the dissemination of tumor cells, and 
pathogens from the peritoneal cavity.^ The impor- 
tance of diaphragm targeting for the treatment 
and imaging of lung cancer metastasis'*^ and for 
animal model studies of Duchenne muscular 
dystrophy has also been reported.'^ 

In terms of the physical and chemical factors 
that affect the removal of liposomes from the 
abdominal cavity, Sadzuka et al.^^ described 
the role of . lipid: composition, charge, size, and 
liposome surface modification, but no mention was 
made related with the lipid dose injected. An 
important conclusion from that study was that 
large liposomes (>400 nm) are more effective 
against peritoneal dissemination than small lipo- 
somes (150 nm). A similar conclusion was also 
reported by Hirano and Hunt.^? In this study, 
liposome retention in mediasiKiilal l3mtiph nodes 
was better with large liposomes than small lipo- 
somes. However, they also reported that stability 
of liposomes as drug carriers is reduced with 
increasing liposome size. Small; liposomes 
(<200 nm) are more stable as drug carriers 
because they reduce thie possibility of leakage of 
therapeutic radiqiiuclides or chemotherapeutics 
encapsulated inside of the liposonies and thus 
improve the efficacy of the treatment by reduc- 
ing toxic side/ effects. In the present work, we 
lisive.^ shown /that small stable biotin-liposomes 
(<:15Q nm) when administered with avidin using 
the IP/Pleu(5.0) method, can be used for the 
targeting of the lymphatics that drain the abdom- 
inal cavity; resulting in high levels of liposome 
accumulation in diaphragmatic l3miphatic chan- 
nels and mediastinal nodes. 

Similar behavior related with the injection dose 
was observed when ^^""Tc-bliie-biotin-liposomes 
were injected into the pleural space and avidin was 
injected in peritoneum , (Eleu/IP(5.0) method). 
Even though it is difficult to differentiate the 
activity of ^^"Tc-blue-biotin-liposomes in the thor- 
acic lymphatics an1^ in mediastinal nodes on the 
images in the early hours after injection, it was 
evident that the large dose (5.0 mg) resulted in 
high retention (^^10% ID) of liposomes in mediast- 
inal nodes after 12 and 22 h (Fig. 4A and Tab. 1). It 
was observed that using the 0,5 mg dose, the 
aggregation of liposomes is low and as a conse- 
quence, retention in lymphatic channels and 
mediastinal nodes is minimal. During biodistribu- 
tion studies, following injection of liposomes in the 
pleural space, high levels of injected dose were 
detected in pericardium, mediastinal nodes and 
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Figure 6. (A) Photograph of thei^diaphra^ ar^^ pleural lymi;^atics that cover 
the upper part f of the diaplu-agBpsH^ 

aggregate; (B) pl&|ogiaph of Jl^SnSiediasti^ parasternal lymphatics 

channels that drain the upper part of the diaphragm into mediastinal nodes; (C) 
Photograph showing the accumulation of blue-liposbme aggregate;in the pericardial 
lymphatics and the tferacip at the chest wall that; drain pleural space. 



the chest wall (Fig. 6C) when the Sib'mg dose was 
used, but aCiqumulation in diaphragm and pleural 
space was inihimal (Tabs. 1 and 2). It is important 
to mention that the tissue collected as pericardium 
also includes thf tppnnective tissue that connects 
the pericardiumx^^^^ diaphragm, and some of the 
collecting lymphatic channels that cover the 
pleural part of the diaphragm. It is not totally 
cleeir the pathways in whichiliposomes are cleared 
from pleural space,^"^ but it was evident that at. 
some point, the biotin-liposomes join the; avidin in 
some of the lymphatic channels that drain into 
mediastinal nodes. 

The potential use of liposome encapsulated 
anticancer drugs as a method to reduce the 
frequency and growth rate of tumor metastasis in 
lymph nodes has been described previously.^^'^^ In 
these studies, the authors reported that the use 
of cw-diamminedichloroplatinum(II) (dose: 0.4- 



0.6 mg/kg-body), hydrocortisone (10 mg/kg-body) 
and melphalan (0.125 mg/kg-body) encapsulated 
in liposomes results in an eflPectiye procedure for 
the prophylactic treatment of tumor metastasis 
and growth in lymph nodes after>IP injection. To 
exemplify the delivery of driig^ carried by lipo- 
somes in mediastinal nodes aricl other organs and 
tissues, in the present work we injected a total 
dose of 0.15 mg (5.£) mg/kg-body wt) of blue dye 
encapsulated in liposomes. The results presented 
in Table 3 showed that a total dose of 0.015 mg 
was delivered to the mediastinal nodes (384 ng/g- 
tissue) and ~0.03 mg in diaphragm (^diaphr- 
diaphragmatic lymphatics) (~30 |ig/g-tissue) 
when liposomes were injected IP/Pleu(5.0). With 
Pleu/IP(5,0) method, a dose of 0.012 mg (277 ng/g- 
tissue) in mediastinal nodes and 0.016 mg (129 |ig/ 
g-tissue) in pericardium (^pleural Ijnnphatics) 
was delivered. These results showed the potential 
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of the avidin/biotin-Uposome system for the direct 
dehvery of prophylactic drugs into mediastinal 
l3miph nodes. 

One problem observed during these experi- 
ments was the high levels (at least twofold) of 
liposome accumulation detected in liver as com- 
pared with the results observed in previous 
experiments where the same dose (5.0 mg) of 
avidin and biotin-liposomes were injected in the 
same cavity. One possible explaiiaiion is 
related to the rate of removal of the agents in each 
cavity. We have already observed that fluid 
removal from peritoneum is much faster than the 
removal of fluid from pleural space. It is possible 
that this faster drainage of either avidin or blue- 
biotin-lipokomes from the peritoneum will reduce 
the rate of liposome aggregation, giving time for 
the biptin-liposomes to gain quick access to the 
blood circulation and then collect in the liver. 
Other possibilities for improving the injection 
method in terms of injections sequence,^ time 
between injections and number of avidin injections 
shoidd be purstied in future studies to discover 
metBiCKis to furtlier reduce the rate of liposome 
access to the circulation. 

jPuture studies Should be performed in abnor- 
mal animals affected by diseases that spread using 
the lymphatic system. The results presented in 
this work could be used as a reference for assessing 
changes in the pattern of l5niiphatic absorption 
and mediastinal node targeting from a cavity 
afljected by an advanced disease process. As 
previously reported, the lymphatic drainage pat- 
terns could change under tKe^ presence of cancer or 
infection.^^ \ / 

The targeting of the mediastinal nodes and 
lymphatics that drain peritoneal and pleural space 
could help in the treatment and control of infection 
spread from both cavities. In the case of tumor 
spread, the targeting of prophylactic drugs into 
mediastinals nodes could be potentially used to 
control tumor metastasis and tumor cell^eeding in 
the nodes. The reduction of liposome accumulation 
in the cavity of injection using this injection 
technique could improve the targeting of the 
l3Tnphatics and also reduce potential toxic side 
effects of the encapsulated drug transported By the' 
liposomes. 

It is important to mention that the clinical use of 
avidin and streptavidin-biotin systems for target- 
ing or pretargeting strategies may be limited, due 
to the immunogenicity of avidin and streptavidin. 
However, this problem of immunogenicity has 
been investigated using recombinant, biochemi- 



cally modified, and PEG conjugation.^.^'^^ Several 
authors have reported a" significant rediiction in 
immunogenicity of many proteins that have been 
covalently linked with PEG.^^''^^ Although some 
reduction in the activity of proteins was 
observed,"*^'"*^ Marshall et al. have reported a 
galactosylated form of streptavidin (gal-streptavi- 
din) conjugated with PEG that has shown a 
significant reduction in its immunogenicity while 
still allowing the binding of biotinylated antibo- 
dies."^ The use of these PEG-avidin and strepta- 
vidin bioconjugates could solve the possible limited 
application of the biotin-liposomes for targeting of 
lymph nodes. 

The results presentejd in this work using 
intracavitary injection of this avidin/biotin-lipo- 
some system suggest that further studies of the 
intracavitary injection of this system should be 
pursued. 
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